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Caffeic acid improves skin barrier function as Peroxisome proliferator-activated receptor
(PPAR)-α agonist
M Oh,1 J Kim,1 S Lee,1 B Kim,1 H Kim,1 S Kim,2 B Chang2 and J Lee1 1 R&D Center of Skin
Science and Cosmetics, Enprani. Co. Ltd., Incheon, Republic of Korea and 2 Bioinformatics &
Molecular Design Research Center. Co. Ltd., Seoul, Republic of Korea
PPARs are nuclear receptors involved in cutaneous barrier homeostasis and inflammatory process.
As PPAR-α agonists have been shown to stimulate keratinocyte differentiation, improve barrier func-
tion, and enhance lipid metabolism in the skin, they have been recently described to be able to
ameliorate inflammatory and barrier features such as atopic dermatitis. To identify skin disease
therapeutic natural products as agonists of PPAR-α, we collected the structural information of anti-
inflammatory natural products from Korea Food and Drug Administration (KFDA) and performed
pharmacophore-based in silico screening for PPAR-α. Finally, we selected candidates of PPAR-α
agonists and determined their PPAR-responsive element trans-activation activity using transient trans-
fection method in CV-1 cells. Among these, caffeic acid ((2E)-3-(3,4-dihydroxyphenyl)prop-2-enoic
acid), an active component of honeybee propolis, showed outstanding PPAR-α ligand binding activ-
ity which was increased 3 folds at 200μM (p<0.01). To evaluate the effect of epidermal differentia-
tion of newly discovered PPAR-α agonist, cornified envelope formation was detected in cultured
human epidermal keratinocytes. Compared to the untreated control, caffeic acid showed 70%
increased activity at 200μM (p<0.01). Further, we confirmed the stimulation of terminal differenti-
ation through barrier related gene expressions, profilaggrin and hyaluronic acid synthase-2, by RT-
PCR and barrier marker expressions, involucrin and transglutaminase-1, by western blot. Also,
anti-inflammatory and anti-oxidant effect of caffeic acid were confirmed using inflammatory cytokine
antibody protein chip and free radical scavenging assay, respectively. From these results, caffeic acid
has been demonstrated as a natural therapeutic improvement agent on atopic dermatitis with cuta-
neous barrier homeostasis and anti-inflammatory properties via PPAR-α stimulation.
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Detoxifying and skin redensification effects of avocado
S Bredif, C Baudouin, S Leclere-Bienfait, S Garnier, N Lachmann and P Msika Innovation R&D,
Laboratoires Expanscience, Epernon, France
Cellular aging has been associated to an increased accumulation of oxidative damages. As a con-
sequence, the main cellular functions are altered, resulting in a loss of moisture, volume, supple-
ness, firmness of the skin. We have developed an active ingredient from avocado cake, according
to a biotechnological process, in compliance with our sustainable policy. The patented ingredient
is secured and optimised containing a high peptides concentration at specific molecular weights
distribution. In vitro, anti-oxidative Avocado peptides (AP) properties by reducing lipoperoxidation
(64% protection, p<0.001) as well as stimulating thioredoxin expression (x2.7, p<0.001) in fibrob-
lasts were demonstrated. Moreover, AP could counteract the accumulation of oxidized proteins (-
44%, p<0.05) that occur during aging by increasing proteasome expression (+48%, p<0.01) and
activity (+43%) in senescent fibroblasts. Moreover, with the stimulation of hyaluronic acid synthe-
sis by keratinocytes (+31%, p<0.05), senescent fibroblasts (+91%, p<0.01) and skin explants (+220%),
AP provides moisture redensification to the skin. Finally, AP were shown to reinforce skin barrier
by restoring filaggrin and transglutaminase expression in human skin explants subjected to barrier
alteration. These in vitro results were confirmed by in vivo investigations. We enrolled 50 healthy
volonteers, (40-55 years old) with dry skin, in a double-blind, placebo-controlled study. 25 volon-
teers applied on their face the active cream (0,6% AP) twice daily during 56 days. The other group
applied the placebo. The measurement of epidermis thickness/volume by Optical Coherence Tomog-
raphy (OCT) before and after 56 days revealed a significant epidermal redensification with the active
cream after 56 days (p<0.05). No significant evolution of epidermis thickness/volume was observed
with placebo. Avocado peptides show their potential to enhance epidermis thickness/volume through
hyaluronic acid stimulation, and may have a significant effect for partial corrections of regressive
structural changes associated with skin aging.
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Tight junctions form multilayered networks and secretion of lamellar granules does not depend
on the establishment of paracellular tracer barrier in mammalian epidermis
A Ishida-Yamamoto, M Kishibe and H Iizuka Dermatology, Asahikawa Medical University,
Asahikawa, Japan
Defects in epidermal barrier function and/or vesicular transport underlie severe skin diseases includ-
ing ichthyosis and atopic dermatitis. Tight junctions (TJs) form a single layered network in simple
epithelia and present as a part of junctional complexes with adherens junctions and desmosomes.
TJs are important for both barrier functions and polarized vesicular transport. Epidermis is stratified
epithelia and lamellar granules (LGs) are secreted from the stratum granulosum (SG). Previous stud-
ies showed that continuous TJs and paracellular permeability barriers were found in the second layer
(SG2) of SG in mice epidermis, but their fate and correlation with LG secretion have been poorly
understood. We studied epidermal TJ-related structures in humans and in mice using various com-
binations of immunostaining and paracellular tracer permeability assays at light and electron
microscopy levels. We found occludin/ZO-1 immunoreactive multilayered networks spanning the
first layer of SG (SG1) and SG2 in whole mount epidermal sheets. Immunoelectron microscopy con-
firmed the presence of TJs in SG1 as well as in SG2. Ultrastructural analysis revealed that epider-
mal TJs were smaller than that in sweat ducts and did not form junctional complexes. Paracellular
penetration tracer passed through some TJs in SG2, but not in SG1. Polarized apical localization of
LGs was detected in the third layer of SG, SG2, and SG1. LG secretion started into paracellular
tracer-positive spaces in SG2. These results suggest that the epidermal TJs are small and leaky, but
that they form multilayered networks to develop a robust skin barrier. In addition, polarized trans-
port and secretion of LGs do not depend on the establishment of paracellular tracer barrier.
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Analysis of profilaggrin N-terminal fragment function in keratinocyte terminal differentia-
tion
T Makino,1 M Yamamoto,2,3 T Yamakoshi,1 MU Rehman,1 T Hibino2 and T Shimizu1 1
Dermatology, University of Toyama, Toyama, Japan, 2 Shiseido Research Center, Yokohama,
Japan and 3 Dermatology, Tokyo Medical University, Tokyo, Japan
Profilaggrin is a very large molecule that is consisted of three domains, N-terminal, 10-12 filaggrin
repeats and C-terminal domain in human. The N-terminal consists of two distinct domains, an S100-
like A-domain and B domain. The latter includes a functional nuclear translocation signal (NLS). It
is suggested that profilaggrin N-terminal fragment (proFLG-N) is translocated into nucleus and trig-
gers terminal differentiation, however, the function of proFLG-N in kerationocytes is still unclear.
In the present study, we investigated the function of proFLG-N in normal human keratinocytes (NHK).
We previously examined the presence of proFLG-N in nuclear fraction of cultured keratinocytes. A
fragment of 55kDa was detected in nuclear extract obtained from the day 7 confluent culture. Based
on this observation, we prepared an expression vector with 1,392 bp insert encoding a 464-amino
acid N-terminal fragment of profilaggrin (proFLG-ABT). This construct includes A-domain, B-domain
and the truncated filaggrin repeat. Immunohistochemical study showed that after proFLG-ABT trans-
fection at a growing phase of NHK, only proFLG-ABT expressing cells exhibited DNA degradation
as judged in terms of TUNEL positively. We next tried to identify which domain in proFLG-N is
responsible for DNA degradation. We constructed expression vectors for A-domain with NLS (proFLG-
A) and B-domain (proFLG-B). These constructs were transfected to a growing phase of NHK. ProFLG-
A expressing cells showed accumulation of this fragment in the nucleus and became TUNEL-posi-
tive. In contrast, proFLG-B transfected cells did not develop TUNEL positivity. Therefore, A-domain
in FLG-N is responsible for DNA degradation. These results indicate that proFLG-N play an impor-
tant role in the keratinocyte terminal differentiation, especially in the denucleation process.
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PDK1 regulates keratinocyte differentiation
T Dainichi,1 MS Hayden2 and S Ghosh1 1 Microbiology & Immunology, Columbia University
College of Physicians & Surgeons, New York, NY and 2 Dermatology, Columbia University
College of Physicians & Surgeons, New York, NY
In stratified epithelial tissues, homeostasis relies on the self-renewing capacity of stem cells located
within the innermost basal layer. However, the cellular signaling events that orchestrate the exit of
stem cells from their niche into the epidermal differentiation and stratification program remains to
be identified. Phosphoinositide-dependent kinase 1 (PDK1) is a protein kinase, which regulates
cell homeostasis through its substrates such as AKT, PKC and other kinases. PDK1 activity depends
on PI3K, which is critical for signaling pathways downstream of growth factor receptors and adhe-
sion molecules. A small molecule screening study suggested that PDK1 enhances ES cell repro-
gramming (Zhu, 2010). The aim of this study was to test the hypothesis that PDK1 regulates exit
from the epidermal stem cell niche. Mice lacking PDK1 in keratinocytes (PDK1CKO) showed thin
and shiny skin with impaired barrier function and died within several hours after birth. Histologi-
cal analyses of E17.5 embryos showed dramatically reduced epidermal thickness and decreased
keratin-1 and loricrin expression in PDK1CKO skin. Quantitative PCR of epidermal cDNA showed
increased expression of ΔNp63 in PDK1CKO skin. PDK1 deficient keratinocytes did not undergo
calcium-induced phosphorylation of AKT, GSK3β and atypical PKC, did not induce miR-203 or
Notch expression, and failed to differentiate in vitro. Restoration of Notch3 rescued this differenti-
ation defect. Immunofluorescence of wt epidermis showed PDK1 and AKT phosphorylation at areas
of cell-cell contact. Basal cell division in PDK1CKO skin was markedly skewed towards the paral-
lel orientation instead of the typical perpendicular orientation. Polarization of Par3 expression was
also dysregulated in basal cells from PDK1CKO skin. These results therefore suggest that PDK1 is a
key regulator governing the launch of epithelial niche stem cells into the epithelial differentiation
and stratification program, and plays a critical role in polarization of differentiating keratinocytes.
302
Reduced expression of occludin, epidermal growth factor receptor, filaggrin, loricrin and
SIRT1 in the skin of klotho gene deficient mice
K Nakai,1 S Inoue,2 K Yoneda1 and Y Kubota1 1 Dermatology, Kagawa University, Kita-gun, Japan
and 2 Institute of Innovative Science and Technology, Tokai University, Hiratsuka, Japan
Klotho gene has been identified that is involved in the suppression of several ageing phenotypes. A
defect in klotho gene expression in the mouse results in a syndrome that resembles human ageing
or age-related diseases, including a short lifespan, infertility, arteriosclerosis and skin atrophy.
However, the role of the klotho gene in skin still remains unclear. We assumed that cell-cell inter-
actions, cell growth and differentiation of epidermal keratinocytes should be regulated by klotho
gene products, and we investigated the expression of a tight junction protein (occludin), epidermal
growth factor receptor (EGFR) and differentiation associated proteins (filaggrin and loricrin) in the
skin of klotho gene deficient (kl/kl) mice by Western blotting. We found that these protein expres-
sions were reduced in the skin of 4 weeks-old kl/kl mice compared to those of control wild type
mice. In addition, we found these protein expressions were reduced in the skin of 32 weeks-old
C57BL/6J (B6) mice compared to 8 weeks-old B6 mice. Silent mating type information regulator 2
homolog 1 (SIRT1) is a redox-sensitive nicotinamide adenine dinucleotide-dependent deacetylase.
We found that SIRT1 expression was reduced in kl/kl mice and 32 weeks-old B6 mice, indicating
that excess oxidative stress occurs by klotho deficiency and ageing. In summary, our results suggest
that klotho is necessary to maintain cell-cell interactions, cell growth and cell differentiation of epi-
dermal keratinocytes, and klotho is reduced by ageing and excess oxidative stress.
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Anti-proliferative role of PKD1 and PKD2 in human epidermis
T Gaddapara, K Alzayady and S Ghazizadeh Stony Brook University, Stony Brook, NY
The protein kinase D (PKD) family of serine/threonine kinases, are multifunctional signaling enzymes
which can be activated by stimuli such as phorbol esters and growth factors, and are involved in
the regulation of many important cellular functions including cell survival, proliferation, migration,
differentiation, membrane trafficking and protein transport. Despite recent progress in understand-
ing the biological functions of PKD enzymes and their involvement in disease, the role of PKD in
skin biology and pathology is poorly studied. PKD1 is the most studied member of this family and
a pro-proliferative role in keratinocytes has been proposed. However, we have previously shown
that PKD1 is predominantly expressed in differentiated mouse keratinocytes and shRNA-mediated
depletion of PKD1 had no significant effect on normal proliferation and differentiation of mouse
keratinocytes, likely due to expression of PKD2. PKD1 and PKD2 are highly homologous and can
be activated by the same stimuli, and may have redundant functions. Here, we have analyzed the
expression of these two enzymes in keratinocytes and show that PKD2 is the predominant isoform
in human keratinocytes. Specific shRNA-mediated knock-down of PKD2 in keratinocytes resulted
in enhanced growth and proliferation, and a significantly higher fraction of holoclones suggesting
an anti-proliferative role for PKD2 in keratinocytes. Overexpression of constitutively active form of
PKD2 resulted in growth arrest and cell death without inducing markers of terminal differentiation.
PKD2-mediated growth arrest was partly due to activation of NFκB pathway. Organotypic cultures
or skin regenerated from PKD2-deficient human keratinocytes displayed epidermal hyperplasia with-
out abnormal differentiation or apoptosis. Although PKD1 is not expressed in human keratinocytes,
overexpression of PKD1 resulted in cell cycle arrest comparable to those induced by PKD2, sug-
gesting redundant role in the negative cellular growth control. These data suggest that PKD1 and
PKD2 have a redundant anti-proliferative role in human epidermis.
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E-FABP induces differentiation in normal and psoriatic keratinocytes
K Dallaglio, A Marconi, F Truzzi, R Lotti, E Palazzo, T Petrachi, A Saltari and C Pincelli
Dermatology, University of Modena and Reggio Emilia, Modena, Italy
Epidermal differentiation is controlled by increased intra-cellular calcium influx and is dependent,
among other factors, by lipid metabolism. Epidermal fatty acid-binding protein (E-FABP) is a lipid
carrier, over-expressed in psoriasis, a disease characterized by defective differentiation. We have
previously separated keratinocyte stem cells (KSC) from transit amplifying (TA) and post mitotic (PM)
cells based on β1-integrin expression levels. Here, we show that E-FABP is almost exclusively
expressed in PM keratinocytes, corresponding to its localization in the highest suprabasal epider-
mal layers, while KSC and TA cells barely express E-FABP. E-FABP expression increases during ker-
atinocyte differentiation when cultured either with high calcium or under confluent conditions. Con-
sistently with keratinocyte differentiation-associated E-FABP up-regulation, transfection of normal
human keratinocytes with recombinant (r) E-FABP induces overexpression of CK10 and involucrin.
On the other hand, E-FABP inhibition by siRNA downregulates CK10 and involucrin expression in
normal keratinocytes, without affecting cell proliferation. E-FABP is overexpressed in psoriatic epi-
dermis as compared to normal and non-lesional tissues, and it is mainly localized in stratum spin-
osum. E-FABP is overexpressed in psoriatic PM cells, as compared to less differentiated KSC and TA
subpopulations. Furthermore, E-FABP is overexpressed in psoriatic PM keratinocytes as compared
to the same population in normal human epidermis. E-FABP inhibition in psoriatic keratinocytes
reduces differentiation, while it upregulates proliferation-associated markers such as CK16 and sur-
vivin. However, under high calcium conditions, E-FABP silencing markedly downregulates CK10
and involucrin, while blocking proliferation. These data suggest that E-FABP modulates differentia-
tion and proliferation in psoriatic keratinocytes.
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Creation of differentiation-specific genomic maps of human epidermis and identification of
novel transcription factors implicated in skin differentiation through laser capture microdis-
section (LCM)
N Gulati, JG Krueger, M Suárez-Fariñas and H Mitsui Laboratory for Investigative Dermatology,
The Rockefeller University, New York, NY
LCM allows for the isolation of specific regions of tissue directly from stained sections under micro-
scopic visualization. We applied LCM to normal skin sections in order to isolate the following three
regions: reticular dermis, basal epidermis, and suprabasal (spinous, granular, and cornified layers)
epidermis. We then extracted RNA from these regions and analyzed their gene expression profiles
through microarray analysis. The three regions distinctly separated from each other by principal
components analysis, with minimal deviation between biological replicates. As expected due to
their vastly different cellular composition, the reticular dermis samples were especially far removed
from the other two epidermal regions. The gene expression profiles confirmed much known biol-
ogy regarding the differences between basal and suprabasal epidermis. For instance, keratin 5 was
increased 7.8-fold in basal epidermis while filaggrin was increased 500-fold in suprabasal epider-
mis (p<10-4 for both). In addition, many genes associated with basal epidermis-resident melanocytes,
such as dopachrome tautomerase and melan-A, were upregulated in basal epidermis. Our data led
to the identification of many transcription factors not previously studied in the skin, including pitu-
itary tumor-transforming gene 1 and regulatory factor X, 5. The preferential localization of tran-
scription factors to either basal or suprabasal epidermis was confirmed by immunohistochemical
staining. The identification of novel transcription factors such as these has the potential to improve
our mechanistic understanding of how cells differentiate from the basal to suprabasal layers of the
epidermis. Also, our data can serve as a more specific reference to “normal” (than compared to
bulk tissue not subjected to LCM) for the development of basal cell carcinoma and squamous cell
carcinoma which hold the characteristic similarities to basal and suprabasal epidermis, respectively.
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Effects of eight nanoparticles of different sizes and shapes on human epidermal keratinocytes
NA Monteiro-Riviere,1 AO Inman,1 S Mathur,2 M Muhammed,3 B Fadeel4 and JE Riviere1 1 Center
for Chemical Toxicology Research and Pharmacokinetics, North Carolina State University,
Raleigh, NC, 2 Institute of Inorganic Chemistry, University of Cologne, Cologne, Germany, 3
Department of Materials Science and Engineering, Royal Institute of Technology, Stockholm,
Sweden and 4 Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden
Nanomaterials are used in various biological applications, cosmetics and pharmaceutical formu-
lations however, little is known about their effect in skin. Eight nanoparticles (NP); dextran-coated
SPION 1 (10nm) and SPION 2 (10nm), uncoated SPION (11.45nm), vitamin C (VC) (5.1nm) and
gluconic acid (GA) (6.03nm) functionalized Fe3O4, SiO2-coated Fe2O3 (59.8nm), VC reduced
graphene oxide (RGO) (2μm), and hollow carbon sphere (HCS) (176nm) of different sizes, shapes,
and composition were studied in neonatal human epidermal keratinocytes (HEK). Size was char-
acterized by dynamic light scattering and transmission electron microscopy (TEM). HEK were dosed
with each NP for 24h. No toxicity was noted using the alamar Blue (aB) assay with any NP when
compared to appropriate controls. Control experiments showed that SPION 2 and HCS caused a
suppression of aB dye fluorescence at the highest concentration, while SiO2-Fe2O3 and RGO caused
an increase in fluorescence at all concentrations. Interleukin (IL)-8, normalized to viability, was sig-
nificantly greater than control with uncoated SPION (200 and 400μg/ml), SPION 1 (400μg/ml)
SPION 2 (400μg/ml), SiO2-Fe2O3 (10.4-82.8μg/ml), RGO (37.2μg/ml), and HCS (200μg/ml) and sig-
nificantly less than control with VC-Fe3O4 (39-156μg/ml) and GA-Fe3O4 (56 and 112μg/ml). Spiked
IL-8 controls showed that the highest concentration of VC-Fe3O4, and GA-Fe3O4 interacted with the
cytokine assay to suppress IL-8 thereby underreporting IL-8. TEM depicted agglomerates of each of
the NP within the cytoplasmic vacuoles in HEK. These results depicted that the viability assay showed
no toxicity at these NP concentrations but some NP caused an induction of the cytokine IL-8.
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Connexin-26 is upregulated in atopic dermatitis epidermis
A De Benedetto,1 T Yoshida,1 I Kuo,1 N Rafaels,2 M Boguniewicz,3 T Hata,4 L Schneider,5
J Hanifin,6 R Gallo,4 D Leung,3 K Barnes2 and L Beck1 1 Dermatology, University of Rochester
Medical Center, Rochester, NY, 2 Johns Hopkins Asthma & Allergy Center, Johns Hopkins
University School of Medicine, Baltimore, MD, 3 Pediatrics, National Jewish Health, Denver,
CO, 4 Dermatology, University of California San Diego, San Diego, CA, 5 Immunology,
Children’s Hospital Boston, Boston, MA and 6 Dermatology, Oregon Health & Science
University, Portland, OR
Gap Junctions (GJ) allow intercellular communication between keratinocytes and associate with
tight junctions (TJ). The GJ protein, Connexin 26 (Cx26) is not detectable in normal skin, but is
expressed in proliferative conditions. We investigated Cx26 expression in skin biopsies from AD
(lesional and nonlesional, n=7) and NA (n=4) subjects by immunostaining. To identify variants that
confer susceptibility for AD we screened 9 haplotype-tagging single nucleotide polymorphisms
(SNP) in Cx26 gene (GBJ2) in two independent AD cohorts (European American/EA, n=321 + African
American/AA, n=307) and NA. We found Cx26 mRNA is overexpressed in nonlesional epithelium
from Atopic Dermatitis (AD) compared to nonatopic (NA) controls (p=0.03). Epidermal Cx26
immunoreactivity was observed in all AD lesional samples, with patchy expression mostly in the
stratum granulosum (SG). Weaker expression was observed in 5 and no expression in 2 of the non-
lesional samples. NA samples had minimal to no Cx26 staining. Enhanced expression of Cx26 was
observed in claudin-1 knockdown keratinocytes (p=0.05). Interestingly, we noticed an inverse rela-
tionship between Cx26 and claudin-1 expression in AD samples. Significant associations were
observed with an intronic Cx26 SNP (rs4769974; p=0.02) and AD among AA. A SNP in the 3’ UTR
region (rs3751385; p=0.009) was significantly associated with a subgroup of AD EA with eczema
herpeticum. This study suggests that genetic and/or acquired factors may induce Cx26 expression
in AD epidermis. This may be functionally important as suggested by a murine model where ectopic
expression of Cx26 induced a profound skin barrier defect.
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Delphinidin, a dietary anthocyanidin promotes epidermal differentiation through activation
of caspase-14 and filaggrin: Studies in submerged and 3D organotypic cultures
J Chamcheu, DN Syed, IA Siddiqui, VM Adhami and H Mukhtar Dermatology, Univeristy of
Wisconsin-Madison, Madison, WI
Natural bioactive agents that possess the ability to enhance epidermal barrier function without trig-
gering apoptosis may have therapeutic advantage against hyperproliferative dermatoses. Decreased
caspase-14 has been implicated in the pathogenesis of cutaneous disorders such as psoriasis. We
previously showed that the dietary anthocyanidin delphinidin protects HaCaT keratinocytes and
murine skin from oxidative-damage and apoptosis (Afaq et al., JID 2007). Here, we examine the
effect of delphinidin in submerged NHEK (24-72 h) and 3D organotypic (4-12 d) cultures, in par-
allel with known negative (1μM-RA) and positive (0.1μM Vit-D3) modulators of differentiation. Mor-
phometric analysis of H&E-stained sections of dephinidin-treated reconstructs suggested signifi-
cantly advanced orthokeratinization throughout the developmental stages resulting in accelerated
cornification and increased cornified cell envelope layers. These changes were associated with fewer
and more consolidated intermediate cell layers resulting in epidermal thinning. Delphinidin-treated
cultures exhibited a fine-tuned increase in the kinetics of protein expressions of pro and cleaved
caspase-14, accompanied with profillagrin processing and an increase in the expressions of involu-
crin and transglutaminase-1. Immunostaining analysis further confirmed an increase in the expres-
sion of caspase-14 and other critical differentiation-related proteins in the delphinidin-treated ver-
sus the RA-treated cultures. Interestingly, Vit-D3 treatment increased procaspase-14 expression but
did not significantly initiate caspase-14 processing whereas RA inhibited caspase-14 induction and
processing. Collectively, these data indicate that delphinidin modulates critical stages of epidermal
keratinocyte maturation program associated with enhanced skin barrier function. We suggest that
delphinidin, a non-toxic dietary ingredient could be developed for the treatment of hyperprolifer-
ative dermatoses such as psoriasis and ichthyosis.
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Erysipelas at uncommon sites
M Glatz,1 D Degen,2 W Aberer,3 LE French1 and RR Muellegger2 1 Department of Dermatology,
University Hospital Zurich, Zurich, Switzerland, 2 Department of Dermatology, State Hospital
Wiener Neustadt, Wiener Neustadt, Austria and 3 Department of Dermatology, Medical
University of Graz, Graz, Austria
To describe the incidence, clinical characteristics, and role of local and systemic risk factors of
erysipelas at uncommon body sites (i.e. thigh and gluteal region). The files of 1,423 patients with
erysipelas of three dermatologic centers were retrospectively analyzed. Characteristics of patients
with erysipelas at the thigh and gluteal region were statistically compared between this two groups
and with a control group of 40 patients with erysipelas of the lower leg. The topographic distribu-
tion of erysipelas in the 1,423 patients was as follows: lower legs 73%, face 13%, arms 6.7%,
trunk/genitalia 4.6%. Erysipelas exclusively of the thigh was identified in 30 patients (2.1%) and of
the gluteal region in 9 patients (0.6%). Portals of entry at these sites comprised inflammatory or
infectious skin diseases, wounds, or arthropod bites. Erysipelas of the thigh had the same morphology
as those of the lower leg but only exceptionally showed vesicles or hemorrhages. Gluteal erysipelas
had a violaceous hue, conspicuous irregular borders and sometimes appeared bilaterally. Lym-
phadenopathy and pain were remarkably rare in both localizations. Gluteal erysipelas required sig-
nificant longer antibiotic therapy but recurrence rate in both groups did not differ from the control
group. Important local risk factors were previous surgical interventions: inguinal lymphadenec-
tomy 1-5 years before in 30% of patients with erysipelas at the thigh and hip arthroplasty 3 month
– 30 years prior to gluteal erysipelas in 44%. Systemic risk factors for gluteal erysipelas were indica-
tive for metabolic syndrome but more diverse with clearly less pronounced metabolic alterations
for erysipelas at the thigh. Erysipelas of the thigh and the gluteal region are very rare. Their occur-
rence may be facilitated by lymph stasis after surgical disruption of lymphatic vessels. Gluteal
erysipelas is often associated with the metabolic syndrome.
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Microtubule nucleation rates are similar in proliferating and differentiating keratinocytes
LN Seldin and T Lechler Cell Biology, Duke University, Durham, NC
Microtubules, integral components of a cell’s cytoskeletal network, influence cell shape and motil-
ity, function in organelle transport and organize into the mitotic spindle that facilitates chromo-
some organization and segregation during cell division. In stratified mouse epidermis, microtubule
organization varies between cell layers: microtubules within the proliferative basal cells focus around
centrosomes, whereas microtubules within the differentiated layers lose association with the cen-
trosome and reorganize to the cell cortex. It remains unclear, however, whether proliferative and
differentiating epidermal cells exhibit distinct microtubule nucleation and growth rates. In this study,
we engineer mice to express a fluorescently tagged microtubule end-binding protein Eb1 to facili-
tate microtubule tracking during nucleation from interphase centrosomes in vitro and in vivo. We
find that primary Eb1-GFP keratinocytes grown in proliferation and differentiation conditions demon-
strate similar nucleation rates, with an average of 8.5 nucleation events per minute. In addition, this
Eb1-GFP transgenic tool will assist in characterizing microtubule dynamics during asymmetric cell
divisions in epidermal basal cells. Previous research has defined a complex of proteins that local-
ize to the apical cortex of basal cells to drive spindle reorientation and asymmetric division. One
of these proteins, NuMA, has a binding domain in its C-terminus that facilitates its interactions with
microtubules. We are particularly interested in determining whether these NuMA/microtubule inter-
actions play a role in the regulation of both microtubule dynamics and spindle orientation during
epidermal stratification. Taken together, these studies will lend further insight into the function of
interphase and mitotic microtubule dynamics during mammalian epidermal morphogenesis.
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Increased retinoic acid levels through ablation of Cyp26b1 determine the processes of embry-
onic skin barrier formation and peridermal development
J Okano,1 U Lichti,2 S Mamiya,3 M Aronova,4 G Zhang,4 SH Yuspa,2 H Hamada,3 Y Sakai5 and
MI Morasso1 1 Developmental Skin Biology Section, NIAMS/NIH, Bethesda, MD, 2 Laboratory
of Cancer Biology and Genetics, NCI/NIH, Bethesda, MD, 3 Developmental Genetics Group,
Graduate School of Frontier Biosciences, Osaka University, Osaka, Japan, 4 Laboratory of
Bioengineering and Physical Science, NIBIB/NIH, Bethesda, MD and 5 Department of Plastic
Surgery, Osaka University School of Medicine, Osaka, Japan
While excess exogenous RA has been known to have teratogenic effects, the consequences of ele-
vated endogenous RA in skin during embryogenesis are poorly understood. Deletion of Cyp26b1,
a retinoic acid-degrading enzyme, causes endogenous RA level significantly high in developing
skin. Cyp26b1-/- skin presents aberrant epidermal differentiation and filaggrin expression, defec-
tive cornified envelopes and skin barrier formation, and failure of peridermal desquamation. These
alterations are RA-dependent, since Cyp26b1-/- skin abnormalities are phenocopied with admin-
istration of exogenous RA in vivo and with organotypic skin cultures. Furthermore, we determined
proper differentiation and barrier formation is required for periderm sloughing. This link is further
corroborated in Ft/Ft mice (mutations in the FILAGGRIN gene), where barrier disruption is accom-
panied with periderm retention. Our results demonstrate that proper retinoic acid (RA) levels are
essential for proper periderm desquamation, embryonic skin differentiation and barrier formation.
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Apoptosis of proliferating keratinocytes by targeted delivery of tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) with an anti-desmoglein monoclonal antibody
M Kouno, X Yang, N Schechter, J Seykora and J Stanley Dermatology, Univ of Pennsylvania,
Philadelphia, PA
TRAIL is known to inhibit the effector function of activated lymphocytes and cause apoptosis of
hyperproliferative keratinocytes. Since many skin disease have both of these features, we devel-
oped a method of targeting TRAIL to the epidermis. We used Px44, an anti-desmoglein 1 and 3
non-pathogenic single chain variable fragment (scFv) antibody previously cloned by phage display
from a pemphigus vulgaris patient. We cloned Px44 linked to TRAIL with a hemagglutinin (HA) tag
into baculovirus to produce Px44TRAILHA. By ELISA on Dsg 1 and 3, we could detect its binding
with anti-HA and anti-TRAIL antibodies. By immunofluorescence (IF) of skin sections and cultured
keratinocytes incubated with PX44TRAILHA, and of skin after PX44TRAILHA injection in neonatal
mice, we could detect TRAIL and HA binding to the cell surface of keratinocytes. AM313TRAILHA
(in which AM313 is an irrelevant scFv) was negative in these ELISA and IF assays. Since TRAIL must
be a trimer to be active, we showed by size exclusion chromatography that Px44TRAILHA sponta-
neously trimerized. TRAIL was biologically active in PX44TRAILHA because: Px44TRAILHA inhib-
ited IFN-g production of activated CD4+ T cells; and, by flow cytometry for annexin V and caspase
3, it caused apoptosis of Jurkat lymphoma cells, as did AM313TRAILHA. However, when targeted
to proliferating cultured (in low Ca) human keratinocytes for 2 hrs (then washed), only Px44TRAILHA
caused apoptosis of up to 50% of cells at 16 hrs, but did not cause apoptosis of differentiating ker-
atinocytes in high Ca. Furthermore, soluble Dsg3 blocked the binding and apoptotic activity of
Px44TRAILHA. Finally, when injected into actinic keratosis-like lesions in activated-Fyn transgenic
mice, Px44TRAILHA, but not equivalent amounts of recombinant TRAIL, caused positive TUNEL
staining. These data show the feasibility of targeting TRAIL to skin lesions, and suggest such therapy
may be useful for hyperproliferative and inflamed lesions.
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A novel human psoriatic skin reconstruct: The role of transit amplifying keratinocytes and of
p75 neurotrophin receptor
F Truzzi, A Marconi, R Lotti, K Dallaglio, E Palazzo, T Petrachi, A Saltari and C Pincelli
Dermatology, University of Modena and Reggio Emilia, Modena, Italy
Psoriasis is an immune-mediated disease of the skin characterized by keratinocyte hyper prolifera-
tion, altered differentiation and resistance to apoptosis. Histologically, psoriasis is represented by
augmented thickness of the epidermal compartment, acanthosys and intense immune cell infil-
trate. Psoriasis has long been considered only an immunocyte-mediated disease, but recent data
demonstrate the important role of keratinocytes in triggering the disease. Here we report an in vitro
reconstructed skin model that displays the phenotypic and molecular characteristics of psoriatic
epidermis in a controlled manner and in absence of immune cells. Human skin equivalents were
generated as follows: the dermal compartment was a mixture of rat-tail collagen I and human fibrob-
last either from healthy adult skin or from psoriatic patients. Given the importance of transit ampli-
fying (TA) cells in the pathogenesis of psoriasis, we used either TA cells or stem cells isolated from
healthy human skin for the epidermal compartment. As a control, we also analyzed skin equiva-
lents raised from total keratinocyte population. The combination of psoriatic fibroblasts and normal
TA cells produced the best psoriatic phenotype, with a statistically significant increase of epider-
mal thickness, areas of acanthosys, and expression of psoriatic markers, such as S100A7/psoriasin,
K16 and Phospho-Stat3 (Tyr705). Moreover, given the absence of p75NTR in psoriatic epidermis
and the apoptotic role of p75NTR receptor mainly expressed by TA keratinocytes, we set up skin
reconstructs with either p75NTR positive or p75NTR depleted TA cells. Skin reconstructs assem-
bled with p75NTR positive TA keratinocytes were almost negative for psoriatic markers. By con-
trast, skin reconstructs generated from p75NTR depleted TA display a more psoriasiform phenotype.
These results demonstrate the central role of TA cells in psoriasis together with the importance of
psoriatic fibroblasts in the development of a psoriatic 3D model.
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Enhancing barrier repair response in compromised skin by influencing caspase-14 and
hyaluronic acid production
S Rao and JV Gruber Lonza Personal Care, South Plainfield, NJ
Optimum skin barrier function is the primary line of defense against environmental stresses such as
UV induced photo-damage, insults from microbial infections and physical breakdown resulting from
wound formation. The epidermal layer of the skin also functions as an effective barrier, is critical
for mitigating acute and chronic damage to the epidermis and preventing water loss. Our research
focuses on developing natural bioactive fermentation extracts (BFEs) to enhance barrier function.
BFEs were generated to influence biological markers that are critical for effective barrier function
at the cellular level including CD44, HAS1 and Caspase-14. An in vitro ‘wound simulation model’
was developed using MatTek® skin equivalent tissues to mimic compromised skin and evaluate
histological changes in biological markers that are critical for barrier function. To further demon-
strate the effectiveness of BFEs in enhancing skin repair, an in vivo 60-day, double-blind, study was
conducted. The effect of BFEs on skin’s barrier function, hydration, elasticity, changes in trans-epi-
dermal water loss and effect on skin lipids were evaluated versus placebo. The histological images
from ‘wound simulation model’ study indicates that the application of BFEs significantly improves
barrier function by increasing the expression of key bio-markers critical for keratinocyte differenti-
ation in particular epidermal specific biomarkers such as capsase-14. Results from in vivo clinical
evaluation indicate that a dose-dependent increase in all the parameters was observed at the end
of 60 day period. As established by the findings from in vitro and in vivo studies, BFEs provide a
natural, non-irritating, efficacious topical treatment for enhancing barrier formation at the cellular
level.
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Regulating the localization of two distinct pools of NuMA
ND Poulson and T Lechler Cell Biology, Duke University, Durham, NC
To generate and maintain tissues with the proper three-dimensional architecture, progenitor cells
must balance self-amplification and production of differentiated progeny. In the developing epi-
dermis, symmetric cell divisions increase progenitor number and allow surface area growth. Asym-
metric divisions produce cells of the differentiated layers. Basal progenitor cells have the ability to
divide both symmetrically and asymmetrically. These division types are characterized by distinct
orientations of the mitotic spindle. NuMA is required for spindle reorientation during asymmetric
cell division and can localize to both mitotic spindle poles and to the apical cell cortex. Using a
keratinocyte cell culture system we demonstrate the importance of a phosphorylation site in the C-
terminal tail of NuMA in regulating the localization of NuMA during mitosis. Additionally using
knockdown studies we are seeking to determine which regions of NuMA are necessary and suffi-
cient for its cortical targeting. By increasing our understanding of how NuMA is targeted to the api-
cal cortex we can begin to explore how basal cells in the epidermis regulate the choice between
symmetric and asymmetric divisions.
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CXCR4 regulates lymphangiogenesis and keratinocyte proliferation in contact and IL23-medi-
ated dermatitis
T Takekoshi,1 X Wu,1 MB Dwinell2 and ST Hwang1 1 Dermatology, Medical College of
Wisconsin, Milwaukee, WI and 2 Microbiology and Molecular Genetics, Medical College of
Wisconsin, Milwaukee, WI
CXC chemokine receptor-4 (CXCR4) is expressed by basal keratinocytes (KCs), but little is known
about its function in inflamed skin. We crossed K14-Cre and CXCR4flox/flox transgenic mice, result-
ing in mice (K14-CXCR4KO) with specific loss of the CXCR4 gene in K14-expressing cells, includ-
ing basal KCs. K14-CXCR4 pups had no obvious skin defects. We used K14-CXCR4KO and control
(CXCR4flox/flox) mice in 2-step DNFB-triggered contact dermatitis (CD) and IL23-mediated (3 injec-
tions of IL23 every 2 d) psoriasisform dermatitis models and measured skin edema, histologic, and
immunohistological changes. Littermate control, but not K14-CXCR4KO, mice showed strong expres-
sion of CXCR4 in basal KCs in the CD model. Of note, K14-CXCR4KO mice showed 3.4-fold more
podoplanin+ lymphatic vessels and increased VEGFC expression in basal KCs. K14-CXCR4KO
mice also showed reduced ear swelling, suggesting that the increased number of lymphatic vessels
may have reduced dermal edema. In the IL23 dermatitis model, K14-CXCR4 KO mice (compared
to controls) showed a 1.3-fold increase in mean ear swelling, 2-fold increase in epidermal thick-
ness, and massive parakeratosis. After IL23 treatment, WT mice showed weak CXCR4 expression
in areas of severe epidermal hyperplasia, but strong CXCR4 expression in non-hyperplastic regions,
suggesting CXCR4 may regulate epidermal growth. To test this hypothesis, we overexpressed CXCR4
in HaCaT cells and treated these cells with IL22 ± CXCL12. CXCL12 blocked IL22-mediated HaCaT
cell proliferation in vitro and synergized with IL22 in upregulating SOCS3, a key regulator of STAT3
(an essential downstream effector of IL22). In summary, the use of a novel K14-CXCR4KO mouse
reveals that CXCR4 may dramatically regulate KC and lymphatic endothelial cell proliferation in
two different models of skin dermatitis. CXCR4 may be essential for downregulating KC prolifera-
tion and thus mitigating the effects of proliferative cytokines such as IL22 via regulation of SOCS3.
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Imaging mass spectrometry visualizes epidermal barrier ceramides and their immediate pre-
cursors
N Goto-Inoue,2 T Hayasaka,2 N Zaima,3 K Nakajima,4 WM Holleran,1 S Sano,4 M Setou2 and
Y Uchida1 1 Dermatology, UCSF/VAMC, San Francisco, CA, 2 Cell Biology and Anatomy,
Hamamatsu University, Hamamatsu, Japan, 3 Applied Biological Chemistry, Kinki University,
Nara, Japan and 4 Dermatology, Kochi University, Kochi, Japan
A lipid-dominant permeability barrier in the stratum corneum (SC) allows mammals to survive in a
dry environment. Ceramides (Cer) consisting of heterogeneous molecules, are key barrier con-
stituents, and alterations in Cer composition occur in several skin diseases that display permeabil-
ity barrier defects. We previously demonstrated that epidermal-unique omega-O-acylCer is an essen-
tial Cer species, and the synthetic pathway for SC Cer, including omega-O-acylCer to form a
competent barrier. Recently, we revealed omega-O-acylCer deficiency in Dorfman–Chanarin Syn-
drome (DCS), an autosomal recessive neutral lipid storage disorder, due to loss-of-function muta-
tions in CGI-58 (a stimulator of triacylglycerol [TG] lipase). Imaging mass spectrometry (IMS) is a
novel technology for investigation of biomolecule distribution and for identification of their species
in tissues/cells. Using a high resolution IMS using a 10-μm-diameter-laser technique we developed
that can visualize the distribution of molecules within the outer epidermal layers, we show here
direct visualization of the distribution of Cer species, including omega-O-acylCer, enriched in SC,
and the accumulation of their immediate precursors, glucosylCer, in suprabasal layers of epidermis
on 10 μm frozen skin sections. In addition, we demonstrate for the first time the presence of a
metabolite of Cer, Cer-1-phosphate, in SC. Finally, IMS analysis now confirms that lack of acylCer,
and conversely accumulation of TG content in DCS vs. normal human subject skin. IMS represents
a powerful novel method for localizing/identifying lipid species and also diagnosing lipid metabolic
abnormalities in skin disease(s) and for investigating their pathogeneses.
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Natural product extracts differentially modulate keratinocyte and fibroblast motility
DS Chahal,1 RK Sivamani,1 B Rehal,1 R Zackria1 and RR Isseroff1,2 1 Dermatology, UC Davis,
Sacramento, CA and 2 Dermatology, Veterans Affairs, Sacramento, CA
Botanical and natural products have been used in the treatment of wounds for many centuries. Fur-
thermore, many naturally derived formulations and products are now available over the counter for
wound care. However, evidence based studies are limited. Both keratinocytes and fibroblasts play
an important role in wound healing and in this study our aim is to develop a better understanding
of how natural product extracts modulate keratinocyte and fibroblast motility. We hypothesized
that distinct botanical extracts would differentially affect keratinocyte and fibroblast motility, and
differentially affect phosphorylation of ERK, required for cell migration. Aqueous extracts of aloe
vera, bittermelon, comfrey, echinacea, ginger, gotu kola and turmeric were tested in cultures of pri-
mary human keratinocytes and fibroblasts. Thirty minutes of incubation with echinachea and turmeric
increased keratinocyte migration and this was associated with increased phosphorylation of ERK.
Conversely bittermelon decreased keratinocyte migration by 18% and was not accompanied by an
increase in ERK phosphorylation. In fibroblasts, echinacea and gotu kola increased fibroblast migra-
tion by 23% and 25%, respectively. Our findings show that natural products have differential
effects on keratinocytes and fibroblasts depending on the particular extract. These studies will be
extended to examine how these natural products modulate the expression of promigratory growth
factors and proteins. In doing so, we hope to develop a better and more objective understanding
for the role of natural products in skin barrier repair. Our ultimate goal is to selectively harness nat-
ural products for effective, safe, and novel therapies.
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The inhibition of PAR-2 downstream signaling can prevent melanosome uptake of human ker-
atinocytes
C Makino-Okamura,1,2 S Takeuchi,1,5 Y Niki,1,2 L Declercq,3 DB Yarosh,4 C Nishigori5 and
N Saito1,2 1 Kobe Skin Research Department, Kobe, Japan, 2 Biosignal Research Center, Kobe
University, Kobe, Japan, 3 Biological Research Department Europe & Asia, Estée Lauder
Companies, Oevel, Belgium, 4 Basic Science Research, Estée Lauder Companies, New York,
NY and 5 Division of Dermatology, Kobe University Graduate School of Medicine, Kobe,
Japan
Transfer of melanin-containing melanosomes from melanocytes to neighboring keratinocytes results
in skin pigmentation. The molecular and cellular mechanisms involved in melanosome transfer are
not yet completely understood. Recent studies show that the keratinocyte receptor protease-acti-
vated receptor-2 (PAR-2) activates signals which stimulate melanosome uptake in keratinocytes by
phagocytosis. PAR-2 belongs to a family of G-protein-coupled receptors that are activated by ser-
ine proteinases that cleave the extracellular domains, creating new N-terminal that act as tethered
ligands. Most activated G-protein-coupled receptors are rapidly desensitized and internalized fol-
lowing phosphorylation by G-protein-coupled receptor kinases (GRKs). The contribution of GRKs
and second messenger kinases to PAR-2 phosphorylation still remain unclear. In addition, studies
that assess the function of GRKs and second messenger kinases in PAR-2 mediated phagocytosis
have not been reported. In this report we have investigated the roles of GRKs and PKC in melanosome
uptake by human keratinocytes. We observed that the uptake of individual isolated melanosomes
was inhibited by the treatment with GRK inhibitors and PKC inhibitor. Keratinocytes after incuba-
tion with melanosomes in presence of the nonselective GRK inhibitors heparin or zinc contained
less melanin than keratinocytes in the absence of GRK inhibitors. The GRK2 inhibitor and PKC
inhibitor calphostin C also decreased the melanosome incorporation in keratinocytes. These results
demonstrate that GRKs and PKC enhance the keratinocyte phagocytosis of melanosomes.
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GPHR-dependent functions of the Golgi apparatus are essential for formation of lamellar
granules and the skin barrier
M Tarutani,1 K Nakajima,1 Y Uchida,2,3 M Takaishi,1 N Goto-Inoue,4 M Ikawa,5 M Setou,6
PM Elias,2,3 T Kinoshita,7 Y Maeda8 and S Sano1 1 Dermatology, Kochi Medical School, Kochi
University, Nankoku, Japan, 2 Dermatology, School of Medicine, University of California, San
Francisco, CA, 3 Veterans Affairs, Medical Center, and Northern California Institute for Research
and Education, San Francisco, CA, 4 Health Promotion Sciences, Graduate School of Human
Health Sciences, Tokyo Metropolitan University, Tokyo, Minamiosawa, Japan, 5 Genome infor-
mation Research Center, Research Institute for Microbial Diseases, Osaka University, Suita,
Japan, 6 Cell Biology and Anatomy, Molecular Imaging Frontier Research Center, Hamamatsu
University School of Medicine, Handayama, Japan, 7 Immunoglycobiology, WPI Immunology
Frontier Research Center, Osaka University, Suita, Japan and 8 Immunoregulation, Research
Institute for Microbial Diseases, Osaka University, Suita, Japan
The Golgi pH regulator (GPHR) is an anion channel essential for normal acidification of the Golgi
apparatus, and therefore is required for its functions. The Golgi apparatus has been thought to be
the origin of the lamellar bodies (LBs) in the epidermis. To study the functional role(s) of GPHR in
the skin, we established keratinocyte-specific GPHR knockout mice (KO) utilizing the Cre-loxP sys-
tem. These mutant mice exhibited hypopigmented, scaly skin and hair loss. Histological examina-
tion of the GPHR KO mice showed ballooning of the basal cells and follicular dysplasia. In addi-
tion, inflammatory cells were seen in the dermis. The expression of TGN46, a marker for LB, and
KLK7, a protein within LB, were decreased in the epidermis of KO mice. Electron microscopic exam-
ination of KO keratinocytes detected some aberrant LBs. The expression of ceramide was also dimin-
ished in KO mice skin. Transepidermal water loss was increased in KO mice, indicating barrier dys-
function. Moreover, the epidermis of KO mice showed a decreased level of antimicrobial peptide
CRAMP, a mouse homologue of LL-37. These results suggest that GPHR is essential for the home-
ostasis of the epidermis, particularly LB function, including the barrier function and the antimicro-
bial/innate immunity.
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Filaggrin buffering capacity participates in the stratum corneum acid mantle
T Roelandt,1 T Hillary,1 C Giddelo,1 C Baudouin,2 P Msika,2 D Mangelings,3 Y Vander Heyden,3
J Fluhr,4 M Schmuth5 and J Hachem1 1 Universitair Ziekenhuis Brussel, Brussels, Belgium, 2
Laboratoires Expanscience, Epernon, France, 3 Vrije Universiteit Brussel, Brussel, Belgium, 4
Charité University Clinic, Berlin, Germany and 5 Innsbruck Medical University, Innsbruck,
Austria
The stratum corneum displays an acid surface (“acid mantle”) which plays an important role in the
stratum corneum antimicrobial defense, permeability barrier homeostasis and function of several
enzymes involved in stratum corneum formation and desquamation. Here we investigate the role
of filaggrin in the regulation of stratum corneum pH and the consequences of filaggrin deficiency
on the skin surface pH. We observe that in hairless mice subjected to psychological stress for 72
hours stratum corneum pH is reduced and the amount of pro-filaggrin and filaggrin is decreased,
together with an increase in filaggrin degradation products, suggesting that filaggrin contributes to
the skin surface pH. To further explore the role of filaggrin in stratum corneum pH, we used filag-
grin deficient flaky tail mice. We observe that flaky tail mice display a lower pH under basal con-
ditions and following acute barrier stress by tape-stripping compared to wild type animals. How-
ever, when we subject flaky tail mice to psychological stress for 72 hours or to long term stratum
corneum neutralization by the application of 1,1,3,3-tetramethyl-guanidine for 3 consecutive days,
stratum corneum pH is increased compared to wild type control animals. These data demonstrate
that filaggrin plays an important role in the regulation of stratum corneum pH and that absence of
filaggrin is responsible for significant alterations in stratum corneum pH. Under basal conditions
and following short-time barrier stress a low pH is maintained in filaggrin deficient animals, sug-
gesting a compensatory mechanism, however flaky tail mice are unable to cope with persistent
barrier stress.
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Preservation of antimicrobial neuropeptide Catestatin secretion from neuronal cells may
improve innate immunity in aged skin
P Prouheze, J Nicolaÿ and M Frechet Exsymol SAM, Monaco, Monaco
Endogenous antimicrobials peptides (AMPs) provide the skin with a chemical barrier against invad-
ing pathogens as bacteria, fungi, protozoa and viruses. In addition to major AMPs such as defensins
and cathelicidin LL-37, several neuropeptides (α-MSH, CGRP, NPY…) have been reported to exhibit
antimicrobial activities. Recently, the antimicrobial properties of Catestatin (Cst), a neuropeptide
produced in human epidermis in response to stress, were demonstrated. Cst is generated from the
precursor neuroendocrine protein Chromogranin A (CgA), which is produced by keratinocytes and,
interestingly, also by neurons. Skin is highly innervated and cutaneous nerve endings reach the out-
ermost viable layers of the epidermis, therefore neurons may significantly participate to the antimi-
crobial response to barrier integrity disruption, or infections. To study this interplay between neu-
ral and cutaneous systems, and its possible age-related decline, we have used the PC12 neuronal
cell line, a widely used model for neuroendocrine activity studies. Large dense-core secretory
granules containing high amounts of CgA are present in the cytoplasm of PC12, which also secrete
Cst (and possibly other AMPs). Nerve growth factor (NGF), a small protein that promotes neurons
growth and survival, increases Cst secretion and bactericidal properties of PC12 cell culture media
(bacteria strains: Pseudomona aeruginosa, Staphylococcus aureus, Escherichia coli). Besides, PC12
cells incubated with a neuroprotective cosmetic ingredient capable to mediate NGF signaling,
released more Cst with a dose-related relationship, and antimicrobial activity paralleled Cst increase.
These in vitro results suggest that protection of epidermal innervation, which was shown to decrease
in aged and photo-aged skin, may contribute to preserve innate immunity of the skin.
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Mandatory role of kallikrein 5 in profilaggrin maturation and possible association of its impair-
ment with atopic dermatitis
J Sakabe,1 M Yamamoto,2,3 A Motoyama,2 S Hirakawa,1 M Kobayashi,4 M Nakamura,4 T Hibino2
and Y Tokura1 1 Dermatology, Hamamatsu University School of Medicine, Hamamatsu, Japan,
2 Shiseido Innovative Science Research & Development Center, Yokohama, Japan, 3
Dermatology, Tokyo Medical University, Tokyo, Japan and 4 Dermatology, University of
Occupational and Environmental Health, Kitakyushu, Japan
Filaggrin, a molecule related to skin barrier, is expressed in the epidermal guranular layer as profi-
laggrin. It is assumed that profilaggrin is cleaved by a number of specific enzymes and converted
to functional filaggrin. However, profilaggirn processing enzyme(s) remain unfully identified. Here,
we sought to identify profilaggrin cleavage enzyme(s) by HPLC and LC/MS/MS analysis. Epidermal
extracts were fractionated with HPLC, and each of the fractions was tested in its ability to liberate
filaggrin monomer from the recombinant filaggrin protein (rFLG) consisting of filaggrin monomer,
linker and C-terminal region. Since profilaggrin or filaggrin can be cleaved by two types of pro-
teases, serine proteases and cysteine proteases, we focused on these two types in the following study.
The ability to cleave rFLG was shown by only serine but not cysteine proteases. Mainly two peak
fractions were capable of digesting rFLG. These were then subjected to LC/MS/MS analysis and
proteases involved in these fractions were compared. Only kallikrein 5 (KLK5) was commonly found
in the fractions that were capable to liberate filaggrin monomer. Immunohistochemically, KLK5
was located in the granular layer just in conjunction with profilaggrin/filaggrin. Furthermore, in our
preliminary gene analysis of KLK5, a single nucleotide polymorphism (rs 2739412) within intron 2
was identified in five of seven patients with atopic dermatitis. KLK5 is a serine protease and well
known as corneodesmosome protease and PAR-2 ligand. In addition to these functions, our study
suggests that KLK5 participates in profilaggrin processing and its impairment might be associated
with atopic dermatitis.
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Atopic eczema: Deviation in ceramide composition correlates with an aberrant lipid organ-
ization
M Janssens,1 J van Smeden,1 GS Gooris,1 PJ Caspers,3 RJ Vreeken,4 S Kezic,5 AP Lavrijsen2 and
JA Bouwstra1 1 Department of Drug Delivery technology, Leiden/Amsterdam Center for Drug
Research, Leiden, Netherlands, 2 Department of Dermatology, Leiden University medical
Center, Leiden, Netherlands, 3 Department of Dermatology, Erasmus Medical Center,
Rotterdam, Netherlands, 4 Department of Analytical Biosciences, Leiden/Amsterdam Center
for Drug Research, Leiden, Netherlands and 5 Coronel Institute of Occupational Health,
Academic Medical Center, Amsterdam, Netherlands
The outermost layer of the skin, the stratum corneum, offers a protective barrier. In atopic eczema
(AE) this skin barrier is impaired. Although AE is associated with filaggrin mutations, the reason for
the impaired skin barrier function is inconclusive. Lipids in the stratum corneum (ceramides, fatty
acids and cholesterol) are crucial for a proper skin barrier function, but their role in relation to atopic
eczema is indistinct. In this study a comprehensive analysis of ceramide composition and lipid
organisation in stratum corneum is performed. The ceramide composition is examined by mass spec-
trometry, while the lipid organization is monitored by Infrared spectroscopy and X-ray diffraction.
Our studies show a change in the ceramide composition in stratum corneum of AE patients com-
pared to healthy subjects. This concerns the ceramide subclasses as well as the chain length distri-
bution in each of these ceramide subclasses. These changes in ceramide composition correlate excel-
lent with an aberrant lipid organization. The observed lipid changes are not dependent on filaggrin
mutations. We demonstrate changes in ceramide composition and lipid organization in the skin bar-
rier of patients with AE. We foresee that these new insights will play an important role in future
studies on therapy and prevention of AE.
322
The calcium channel Orai1 is required for the development of human epidermis
M Vandenberghe,1 V Lehen’kyi,1 D Gordienko,2 M Raphaël,1 R Skryma,1 T Oddos3 and
N Prevarskaya1 1 Laboratoire de Physiologie Cellulaire, INSERM U800, Bât SN3, Université des
Sciences et Technologies de Lille, Villeneuve d’Ascq, France, 2 Ion Channel and Cell Signalling
Centre, Basic Medical Sciences Division, St George’s University of London, London, Ukraine
and 3 Pharmacology Laboratory, Johnson & Johnson Santé Beauté France, Val de Reuil, France
Structure of epidermis is the result of a fine regulated balance between proliferation, differentiation
and migration of keratinocytes. These mechanisms are regulated by calcium influxes mediated by
ion channels. The most important Ca2+ entry in non-excitable cells is the store-operated Ca2+ entry
(SOCE). Orai1 is a recently discovered ion channel known to be involved in SOCE in other cell types
and nothing is known about the physiological role of Orai1 in human skin. The aim of this study
was to investigate the role of Orai1 channel in epidermis homeostasis. We demonstrated using
immunohistochemistry and real time q-PCR that Orai1 is more expressed in the undifferentiated
keratinocytes of the basal layer of the epidermis. Patch-clamp technique showed the implication of
Orai1 in the evolution of the amplitude of the SOC current in keratinocytes during differentiation.
Orai1 is strongly involved in keratinocytes migration as evidenced by scratch assay and migration
through microporous membrane experiments. Confocal microscopy was used to study the focal
adhesion dynamic and the polarized motility of human keratinocytes. Live confocal microscopy
imaging showed that cells with reduced expression of Orai1 exhibit a loss of polarized motility
which could be the consequence of an impairment of focal adhesions turnover. Thus, our data
demonstrate the important role of Orai1 in the Ca2+-dependent development of the skin.
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Zebrafish K5 promoter driven GFP expression as a transgenic system for epidermal research
H Chen,1 B Hu,1 J Lee1 and X Chen1,2 1 Cancer Research Program, Julius L. Chambers
Biomedical/Biotechnology Research Institute, North Carolina Central University, Durham, NC
and 2 Center for Esophageal Diseases and Swallowing, Department of Medicine, UNC-Chapel
Hill, Chapel Hill, NC
In order to establish an in vivo system to study epithelial development and disease, we generated
a transgenic zebrafish line K5:gfp, in which the reporter gene GFP was driven by the promoter of
zebrafish keratin 5 (K5). In this transgenic zebrafish, green fluorescence was observed exclusively
in the cytoplasm of epidermal epithelial cells and in the esophageal squamous epithelial cells. GFP
expression in this transgenic fish recapitulated endogenous zebrafish K5 gene expression as shown
by in situ hybridization. Using this system, we ectopically expressed an intestinal gene Cdx1b in
skin and esophagus by inserting Cdx1b coding sequence between K5 promoter and GFP gene in
the K5:gpf fish. Cdx1b expression in the squamous epithelium of transgenic zebrafish was ana-
lyzed by in situ hybridization, immunohistochemical staining and RT-PCR. Gene expression in the
squamous epithelium of wild-type and transgenic zebrafish was analyzed by Affymetrix microarray
and confirmed by in situ hybridization. Morphology, mucin expression, cell proliferation and apop-
tosis were analyzed by H&E staining, PAS/Alcian blue staining, PCNA immunohistochemical stain-
ing and TUNEL assay as well. Cdx1b was found to be overexpressed in the nuclei of squamous
epithelial cells of the transgenic zebrafish. Cdx1b induced metaplastic changes in gene expression
in the squamous epithelial cells, that is, up-regulation of intestinal differentiation markers and down-
regulation of squamous differentiation markers. Our data demonstrated that this transgenic system
can be used for overexpression of genes in epidermal epithelial cells in vivo with GFP as a reporter,
and is convenient for subsequent functional studies.
www.jidonline.org   S55
SID12_Abstracts-2  2/21/12  8:10 AM  Page S55
ABSTRACTS | Epidermal Structure & Function
327
Secosteroids with a long side chain interact more strongly with the vitamin D receptor (VDR)
than those with a shorter side chain
T Kim,1 J Wang,2 Z Janjetovic,1 J Chen,2 R Tuckey,3 M Nguyen,3 E Tang,3 D Miller,2 W Li2 and
A Slominski1 1 Pathology, University of Tennessee HSC, Memphis, TN, 2 Pharmaceutical
Sciences, University of Tennessee HSC, Memphis, TN and 3 Chemistry and Biochemistry,
University of Western Australia, Crawley, WA, Australia
We have identified two groups of vitamin D analogs which are anti-proliferative. One is produced
through the cleavage of the side-chain of 7-dehydrocholestrol by CYP11A1 with subsequent UVB-
induced transformation to pregcalciferol (pD). The second is generated through sequential hydrox-
ylation of the vitamin D side-chain by CYP11A1. To compare their potency on VDR, we used a
human melanoma line overexpressing VDR fused with EGFP, and tested the translocation of VDR
from the cytoplasm to the nucleus. Both the CYP11A1 generated hydroxy-D3 derivatives and pD
compounds stimulated VDR translocation. Hydroxy-D3 derivatives were more potent that those
with a short-side chain. 1,20(OH)2D3, 20(OH)D3, and 20,23(OH)2D3 had comparable abilities to
stimulate translocation of the VDR to the nucleus to that of 1,25(OH)2D3, while 22(OH)D3,
20,22(OH)2D3, 1,20,23(OH)3D3, 17,20,23(OH)3D3 and pD analogs had significantly lower
potency. Molecular modeling of the binding of these vitamin D analogs to the VDR genomic bind-
ing pocket (G-pocket) revealed that the metabolites with a full-length side chain had better dock-
ing scores than those with a short side-chain. The modeling results correlated well with the translo-
cation data. In contrast, docking scores for binding of the secosteroids to the rapid-response,
non-genomic binding site of the VDR (A-pocket) were poorer and did not correlate to nuclear translo-
cation. The binding poses in this A-pocket were also widely scattered. In conclusion, the ability of
novel secosteroids to translocate the VDR to the nucleus correlates with their theoretical ability to
bind to the G-pocket, with the strongest correlation being for derivatives with a full-length side chain.
Lastly, we show that while some secosteroids can dock into the rapid-response A-pocket, this bind-
ing does not correlate with nuclear translocation of the VDR.
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Different roles of Rho-kinase inhibitor (Y-27632) on human skin cells
I Garcia, C Serre, M Arcioni, C Pouzet, M Brulas, E Bauza, J Botto and N Domloge Global Skin
Research Center, ASI - ISP VIncience, sophia antipolis, France
In the last decade, the banishment of animal experimentation for safety and efficacy testing of cos-
metic products pushed industrials and academic laboratories to develop innovative in vitro mod-
els. The big challenge was not only to set up reliable but also reproducible models. Skin cells, as
normal human keratinocytes (NHK), fibroblasts (NHF), or melanocytes (NHEM), are invaluable for
the study of skin biology. However, their short lifespan in culture and inter-individual variability are
limitations for large-scale screening assays. A recent paper reported the first example of efficient
keratinocyte immortalization with a chemical compound: the Rho-kinase inhibitor Y-27632, when
cultured on feeder cells. Starting from these observations, we tried to reproduce the experiment not
only on NHK culture on plastic, but also on fibroblasts and melanocytes from the same donor. More-
over, co-culture experiments on ThinCert devices were carried out. Two couples were tested:
NHK/NHEM and NHK/fibroblast. As reported in the article, NHK cultured on plastic with Y-27632
10 μM didn’t show an expanded lifespan. However, fibroblasts treated with Y-27632 revealed an
improved proliferative ability compared to control. We also noted cytoskeletal changes in addition
to increased anchorage capacities. To conclude, feeder cells are essential for NHK immortalization
with Y-27632. For co-culture experiments, only NHK cultured with NHEM showed an expanded
lifespan. Unfortunately, we were not able to reproduce this phenomenon in a reliable manner.
Even if increased telomerase expression is known to be sufficient to immortalize fibroblast, it’s
stimulation through ROCK-MYC pathway is not efficient. It seems that in fibroblasts, rho-kinase inhi-
bition disturbs much more strongly cell adhesion and cytoskeletal rearrangement processes than h-
TERT regulation.
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Interest of pentyl-rhamnoside in keratinocyte differentiation and cell junction for atopic der-
matitis treatment
H Hernandez-Pigeon, J Besse, M Aries, S Bessou-Touya and N Castex-Rizzi R & D, Pierre Fabre
Laboratories, Toulouse, France
Atopic dermatitis (AD) is a multifactorial inflammatory skin disease sustained by susceptibility genes
and environmental factors interactions and characterized by pruritic skin lesions, immunodysreg-
ulation, allergic inflammation, and a defective epidermal barrier. The permeability barrier defect in
AD is characterized by a global reduction in the contents key lipids and by a defective keratinocyte
differentiation and cohesion. In previous works, we demonstrated the inhibitory activity of of Pentyl-
rhamnoside on cytokines, chemokines, surface molecules and proteins involved in lipid synthesis
in inflammatory keratinocytes exposed to AD environment. The aim of the present study was to
investigate gene expression of the proteins involved in keratinocyte differentiation and cell junc-
tion in Normal Human Keratinocytes (NHK) treated or not with the association poly I:C + IL4 +
IL13 + TNFα (AD environment) and to evaluate the protection of pentyl-rhamnoside on this ker-
atinocyte response. The gene expression study was performed by GeneAtlasTM Microarray System
from Affymetrix and analyzed by Ingenuity Pathways Analysis (IPA). We demonstrated that this
association induced a transcriptional profile correlated with a lesional atopic skin and we observed
an alteration of barrier function with a decrease on proteic differentiation markers and on cell junc-
tion proteins. The pentyl-rhamnoside restored and induced gene expression of various proteins impli-
cated on keratinocyte differentiation (involucrin, filaggrin, caspase 14, kallikrein 8, LCE1C, etc.) and
cell junction (desmoglein, desmocollin, claudin, occludin, etc) gene expression. Our findings demon-
strate the activity of pentyl-rhamnoside on keratinocyte differentiation and cohesion in cells exposed
to AD environment, and reveal the powerful interest of pentyl-rhamnoside in proteic barrier func-
tion restoration for AD treatment.
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Interest of pentyl-rhamnoside, the active ingredient of Trixera+ balm, in atopic dermatitis by
strengthening lipid barrier of the skin
H Hernandez-Pigeon, M Galliano, M Aries, J Besse, S Bessou-Touya, H Duplan and N Castex-
Rizzi R & D, Pierre Fabre Laboratories, Toulouse, France
Atopic dermatitis (AD) is a multifactorial inflammatory skin disease and is in particular associated
with a defective epidermal barrier. The permeability barrier defect in AD is characterized by a defec-
tive keratinocyte differentiation and cohesion and by a global reduction in the contents of all three
key lipids, i.e., cholesterol, non-essential free fatty acids (FFA), and ceramides. In a complementary
work, we demonstrated the inhibitory activity of Pentyl-rhamnoside, the active ingredient of Trix-
era+ balm, on inflammatory targets such as cytokines, chemokines and surface molecules genes
expression in keratinocytes exposed to AD environment. The aim of the present study was to inves-
tigate gene expression of the proteins which allowed lipid synthesis in Normal Human Keratinocytes
(NHK) treated or not with the association poly I:C+IL4+IL13+TNFα (AD environment) and to eval-
uate the protection of pentyl-rhamnoside on this keratinocyte response. We demonstrate that this
association induced a transcriptional profile correlated with a lesional atopic skin and we observed
also a deficiency of all three key class lipids. The pentyl-rhamnoside induced gene expression of
various enzymes and proteins that participate at cholesterol, ceramide and FFA synthesis like DHCR7,
SC5DL, ACACA, LASS 3, etc. gene expression. We also evaluate the benefit of Trixera + balm on
the improvement of the skin lipid synthesis. We assessed the effect of topically applied Trixera +
balm on the de novo lipid synthesis of full-differentiated human reconstructed epidermis by using
[14C-acetate] precursor. The balm significantly induced de novo synthesis of the three classes of
the lipids involved in the skin barrier, their precursors or their metabolic counterparts. Together these
data reveal the powerful efficiency of the Trixera+ balm for AD treatment in lipid barrier reparation
partly based on its active ingredient, the pentyl-rhamnoside.
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Topical antihistamines enhance permeability barrier homeostasis and demonstrate efficacy
in inflammatory dermatosis models
T Lin,1,2 M Man,1 J Santiago,1,3 K Park,1 T Roelandt,1 Y Oda,1 M Hupe,1 D Crumrine,1
M Gschwandtner,4 C Trullas,5 E Tschachler,4 K Feingold6 and P Elias1 1 Derm, VA Med Ctr/UCSF,
San Francisco, CA, 2 Derm, Natl Cheng Kung Univ Hosp, Tainan, Taiwan, 3 Derm, Hosp Genl
Univ de Ciudad Real, Cuidad Real, Spain, 4 Derm, Univ/Vienna Med Sch, Vienna, Austria, 5
R&D, ISDN, Barcelona, Spain and 6 Med, VA Med Ctr/UCSF, San Francisco, CA
Antihistamines are widely used as anti-pruritics and sedatives, but demonstrate only modest anti-
inflammatory activity, when administered systemically. Inflammatory dermatoses often result from
primary abnormalities in cutaneous barrier function, or aggravated downstream to primary immuno-
logic disorders. Because epidermal keratinocytes express histamine receptors (Hr), we hypothesized
that topical Hr antagonists could improve inflammatory dermatoses in part by enhancing barrier
function. We showed first H1r and H2r are the sole Hr expressed in epidermis. Topical H1/2r
antagonists enhance permeability barrier homeostasis locally in normal mouse skin, and barrier
homeostasis is enhanced in mast cell-deficient mice, with no further improvement following appli-
cation of topical H1/2r antagonists. Thus, H1/2r antagonists specifically oppose mast cell-derived
histamine. Mechanisms that account for improved barrier function include stimulation of epider-
mal differentiation, which correlated with thickened (=more robust) cornified envelopes, as well as
both enhanced lipid synthesis and secretion. While topical applications of H1/2r agonists aggra-
vated, H1/2r antagonists improved inflammation and/or barrier function in three immunologically-
diverse, murine disease models that are characterized by primary or secondary barrier abnormali-
ties (irritant contact dermatitis, allergic contact dermatitis, and atopic dermatitis). The ability of topical
H1r/2r antagonists to improve epidermal barrier function appears to translate into efficacy in the
treatment of inflammatory dermatoses. These results challenge current paradigms of antihistamines
as primarily anti-pruritic agents, suggesting instead that they possess anti-inflammatory benefits
that are due partly to amelioration of epidermal barrier function.
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Structural insight into the organization and function of keratin filaments
C Lee,1 M Kim,2 B Chung,1 D Leahy2 and PA Coulombe1,3,4 1 Biochemistry and Molecular
Biology, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD, 2
Biophysics and Biological Chemistry, School of Medicine, Johns Hopkins University,
Baltimore, MD, 3 Biological Chemistry, School of Medicine, Johns Hopkins University,
Baltimore, MD and 4 Dermatology, School of Medicine, Johns Hopkins University, Baltimore,
MD
There is as yet no high-resolution insight into the structure and organization of keratin intermedi-
ate filaments, which are obligate heteropolymers providing vital mechanical support in epithelia.
We report the crystal structure of interacting 2B regions from the central coiled-coil forming domains
of keratins 5 and 14 (K5, K14), the keratin pair expressed in progenitor keratinocytes of epidermis.
Remarkably, the interface of the K5/K14 coiled-coil dimer exhibits a number of asymmetric salt
bridges, hydrogen bonds and hydrophobic contacts, while its surface shows a striking charge polar-
ization. Surprisingly, a trans-dimer homotypic disulfide bond involving cysteine 367 in the stutter
region of K14 occurs in the crystal and in skin keratinocytes, where it is concentrated in a keratin
filament cage enveloping the nucleus. Various lines of evidence suggest that formation of the
homotypic K14-C367 disulfide bond is enhanced at an early stage of keratinocyte differentiation,
and may assist in the enlargement and rounding up of the nucleus. We show that K14 Cys367 impacts
nuclear shape in cultured keratinocytes, and that mice lacking K14 show aberrations in nuclear
structure in epidermal keratinocytes in situ, thus highlighting a novel mechanism of keratin fila-
ment organization and a novel function for keratin filaments. Moreover, the availability of a high
resolution structure for K5/K14 provide novel insight into the pathogenesis of epidermolysis bul-
losa simplex, given that multiple missense mutations causative for this dominantly-inherited bul-
lous disorder map to the coil 2B region of these two proteins.
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Beta-catenin is essential for complete epidermal barrier formation
S Ray and T Lechler Cell Biology, Duke University, Durham, NC
Beta-catenin functions in both cell adhesion and Wnt-signaling pathways. An essential role for
nuclear beta-catenin during hair follicle morphogenesis is well appreciated, but its role in the inter-
follicular epidermis is not. Previous reports demonstrated that beta-catenin null epidermis was largely
normal, presumably because plakoglobin, a beta-catenin homolog, functionally substituted for it at
cell junctions. Here we show that early and complete deletion of beta-catenin in the embryonic
epidermis results in fully penetrant neonatal lethality. Mutant embryos exhibited defects in the epi-
dermal barrier overlying the digits and facial area. Further analysis showed severely compromised
recruitment of tight junction proteins in the granular layer. Loss of cadherin has also been demon-
strated to cause tight junction defects. Intriguingly, there were no obvious defects in recruitment and
formation of adherens junctions as assayed by fluorescence microscopy. As has been reported pre-
viously, we did not detect any changes in the expression of differentiation markers, supporting a
structural rather than transcriptional role for beta-catenin in epidermal integrity. However, the epi-
dermis was clearly abnormal as keratin-6, a stress marker, was dramatically upregulated. These
defects are unlikely to be related to problems with cell polarity or asymmetric cell division, as these
were largely normal in the mutant. Thus, in contrast to previous reports our study shows an essen-
tial role for beta-catenin in tight junction formation in specific anatomical areas. These areas are
expected to undergo more motion and experience more forces, and thus may reveal a role for beta-
catenin in stabilizing tight junctions under conditions of stress.
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Bioinformatic identification of Survivin as an effective target of miR-203: Involvement in
keratinocytes differentiation process
C Serre, F Labarrade, A Lableu, J Botto and N Domloge Global Skin Research Center, ASI ISP
Vincience, Sophia Antipolis, France
Within the human genome, some non-coding DNA regions are transcribed into non-coding RNAs
(ncRNAs). Among these ncRNAs, microRNAs represent a major component of RNA interference-
mediated gene silencing. microRNAs bind to complementary sequences on target messenger RNA
transcripts, generally resulting in translational repression or target degradation and subsequent gene
silencing. It has recently been demonstrated that microRNAs are involved in skin homeostasis.
Among them, miR-203 is specifically expressed in keratinocytes and plays a crucial role in the epi-
dermal differentiation processes. In this work we performed a bio-informatic analysis to identify
miR-203 target genes. The predicted miR-203 targets were then processed with Ingenuity® Path-
way Analysis (IPA) software in order to classify them according to their biological functions. IPA
comprehensive analysis permitted to identify targets of interest classified in functional categories
such as “hair and skin development and function” and “cellular growth and proliferation”. In par-
allel, by querying the miRWalk database, we established a list of validated target genes already
described in the scientific literature. We thus found that Survivin, which plays a role in keratinocytes
stemness regulation, corresponded to a validated miR-203 target gene. Experimentally, we con-
firmed by Real-Time PCR the specificity of miR-203 expression to keratinocytes and demonstrated
the implication of miR-203 in the skin differentiation process. In parallel, we studied the expres-
sion of Survivin in cells submitted to calcium-induced differentiation or after miR-203 specific inhi-
bition. Finally, we assessed the effect of IV10.011 compound on miR-203 and Survivin expres-
sions. Altogether, these results showed that the involvement of miR-203 in the regulation of
keratinocytes differentiation is correlated with the inhibition of Survivin expression. In conclusion,
the modulation of both miR-203 and survivin expressions could help preserve skin stemness poten-
tial.
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Impact of the reduction in oxygen and nutrient supplies to skin cells and ex vivo skin
L Mur, C Plaza, J Botto and N Domloge Global Skin Research Center, ASI ISP Vincience, Sophia
Antipolis, France
Oxygen, nutrients and metabolites are vital for cells as they are essential to create energy, prolifer-
ate and self-renew. The lack of one of these molecules in skin cells directly induces a negative impact
on skin health. In the skin, the deprivation of adequate oxygen supply, or hypoxia, induces apop-
totic cell death through up-regulation of Hypoxia-Inducible Factor-1. HIF-1 is a heterodimer com-
posed of HIF-1α, which has a short half-life, and the constitutively expressed HIF-1α. During hypoxia,
HIF-1α accumulates into the nucleus, dimerizes with HIF-1β, and subsequently activates an adap-
tative response and mechanisms such as apoptosis. A decreased nutrients supply is encountered in
skin during senescence or in the case of a wound, as an interruption of cell-cell contacts disturbs
nutrients and metabolites exchange. In this study, we evaluated the ability of IV11.001, a newly
designed compound, to preserve the integrity of skin cells and ex vivo after an artificially induced
lack of oxygen or nutrients. In order to initiate hypoxia, we used deferoxamine (DFO), a chelating
agent that inhibits HIF-1α turn-over. Effects of DFO were studied on cultured human keratinocytes
and ex vivo skin. We observed a significant cellular viability decrease and loss of interactions between
cells. IV11.001 co-treatment allowed a better adaptation of the cells towards hypoxic environment,
preserving cellular viability and interactions between endothelial cells and fibroblasts. In parallel,
to mimic the lack of nutrients, we studied the effect of a mechanical scratch on cultured cell mono-
layer. IV11.001 treatment quickly restored exchanges between cells and thus restored cell growth.
In conclusion, preservation of cell viability/renewal and cell-cell interactions could help sustain
the dynamic exchanges between cells, thus maintaining skin scaffold in front of a modification of
oxygen or nutrient supplies.
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miR-203 and epidermal differentiation: repression of keratinocytes “stemness” by targeting
survivin
F Labarrade, C Serre, J Botto and N Domloge Global Skin Research Center, ASI ISP Vincience,
Sophia Antipolis, France
The human epidermis is submitted to continuous renewal allowed by the proliferation and differ-
entiation of progenitor cells. Differentiation of keratinocytes is a multistage process implicating a
coordinated program of gene expression and members of the epidermal differentiation complex
(EDC) such as loricrin, involucrin. Recently, there has been a growing interest for microRNAs in
skin. MicroRNAs are small non-coding RNAs (19–25 nt) regulating gene expression post-transcrip-
tionally by guiding RNA-induced silencing complex (RISC) to target mRNAs. miR-203 is the major
microRNA implicated in epidermal differentiation and controls the switch from the basal keratinocyte
progenitor to the suprabasal differentiated cell. miR-203 has been shown to control the exit of “stem-
ness” by targeting ΛNp63, a protein involved in the proliferative potential of basal keratinocytes.
Here we studied the implication of miR-203 in repressing keratinocytes “stemness” by targeting
survivin, a protein highly expressed in keratinocytes stem cells (KSCs) and faintly present in post-
mitotic keratinocytes. Survivin belongs to the inhibitor of apoptosis (IAP) protein family, and is
involved in the control and regulation of keratinocytes cell-cycling, protecting these cells from UV-
induced apoptosis and mitotic catastrophes. A bio-informatic analysis revealed the existence of a
highly conserved binding site for miR-203 in the 3’ UTR of Survivin, suggesting a key role of miR-
203 in survivin level regulation. We also evaluated the effects of the compound IV10.011 on ker-
atinocyte differentiation. We also used calcium to induce keratinocytes differentiation and evalu-
ated the capacity of IV10.011 to protect keratinocyte “stemness”. Taken together, these studies suggest
that survivin expression inhibition by miR-203 could be required to induce the differentiation process
of basal keratinocytes, and shed more light on the involvement of microRNAs in regulating skin
physiology.
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Systems biology investigation of dynamic relationships between epidermal biology, barrier
function and external perturbation
N Lu,1 PB Warren,2 J Lee,1 C Harding,2 JL Cardenas,1 J Adamus,1 L Feng,1 J Jones2 and C Bosko1 1
Unilever R&D Trumbull, Trumbull, CT and 2 Unilever R&D Port Sunlight, Bebington, United
Kingdom
The formation and maintenance of the skin barrier function is highly regulated by both the intrin-
sic epidermal biology, especially the lifecycle of keratinocytes (KC), and exogenous factors, such as
ambient condition and chemical exposure. Characterization of the dynamic interplays among epi-
dermal biology, barrier function and external perturbations is essential to deepen our understand-
ing of the skin barrier function and its regulation. We developed an in silico model of human epi-
dermis using a systems biology approach in collaboration with Entelos, Inc. (Foster City, CA), which
contains a vast dynamic mathematical network constructed based on literature data. It character-
izes major biological processes and their regulation relevant to barrier formation, such as KC pro-
liferation and differentiation, filaggrin processing and lipid lamella formation, across the epidermis
at a cellular level. Additionally, it incorporates the calculation of skin barrier properties and effects
of selected perturbations. The model was validated against in vivo human data. Dynamic biologi-
cal responses following several acute and chronic perturbations, including tape-stripping and top-
ical applications of sodium lauryl sulfate were simulated. Results revealed detailed information,
with resolution in both space and time, on complex interactions among biological processes under-
lying the barrier recovery. Our studies provide a holistic understanding of the dynamics of barrier
formation and regulation. In addition, we identified potential biological interventions that may
improve skin barrier homeostasis and its resilience to daily surfactant damage. Our studies also
clearly indicated the importance of time-point selection in clinical/in vivo measurement to both
optimal observation and proper data interpretation.
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Protection of telomeres integrity and prevention from DNA breaks limited senescence process
L Bergeron, A Lebleu, E Court, J Botto and N Domloge Global Skin Research Center, ASI ISP
Vincience, Sophia Antipolis, France
Telomeres are natural and protective regions of repetitive DNA at the end of chromosomes. Due to
the T-loop configuration of their single-stranded ends, and to proteic factors (the shelterin complex)
binding and stabilizing these regions, telomeres are not recognized as damaged DNA. Maintenance
of both the level of shelterin proteins (such as TRF2: Telomeric-Repeat Binding Factor-2) and of telom-
ere integrity is critical during skin aging. Indeed, in cultured fibroblasts submitted to replicative
senescence, we evidenced that the level of TRF2 mRNA and TRF2 protein decreased, when com-
pared to young fibroblasts. In order to better assess the relation between aging and TRF2 level, we
studied TRF2 expression in dermal fibroblasts after siRNA-induced down-regulation of FOXO3a pro-
tein, leading to an artificially-induced senescent phenotype. Interestingly, the concomitant appli-
cation of IV10.008 (a previously studied compound positively modulating TRF2 expression) lim-
ited the loss of TRF2 expression observed in siRNA-treated fibroblasts. In parallel, we studied the
expression of lamin-A, the major component of the nuclear lamina playing a role in the shape and
integrity of the nucleus. IV10.008 treatment reversed the decreased lamin-A expression observed
in aged fibroblasts, and limited the appearance of abnormal nuclei. Finally, we evaluated histone
γH2AX level, which is a marker of the occurrence of double-strand breaks (DSBs) in the surround-
ing chromatin micro-environment. Normal human keratinocytes were submitted to a treatment with
etoposide to induce DSBs. Results demonstrated that a parallel application of IV10.008 prevented
the formation of DSBs in DNA, as observed γH2AX level was lower than with etoposide alone. In
conclusion, we evidenced that preserving both telomeres integrity (and TRF2 level), and prevent-
ing the occurrence of DSBs in DNA, are important mechanisms to maintain cellular integrity and
genome stability, especially during skin aging.
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Histamine suppresses epidermal keratinocyte differentiation and impairs the inside-out bar-
rier function of the epidermis – a new role for mast cells in inflammatory skin diseases
M Gschwandtner,1 M Mildner,1 V Mlitz,1 L Eckhart,1 T Werfel,2 R Gutzmer,2 PM Elias3 and
E Tschachler1,4 1 Medical University of Vienna, Vienna, Austria, 2 Hannover Medical School,
Hannover, Germany, 3 University of San Francisco, San Francisco, CA and 4 CE.R.I.E.S,
Neuilly, France
A majority of patients with inflammatory skin diseases have a perturbed skin barrier function that
is caused either by inherent defects in the terminal differentiation of keratinocytes or by the influ-
ence of inflammatory cells and their mediators on keratinocyte differentiation. Here we studied the
effect of histamine, a mediator mainly released from mast cells, on the terminal differentiation process
of keratinocytes and on skin barrier formation. Histamine suppressed the expression of keratin 1,
keratin 10, filaggrin and loricrin in monolayer cultured keratinocytes and in in vitro organotypic skin
models. While the initiation of keratinocyte terminal differentiation was efficiently blocked by his-
tamine concentrations of as low as 100 nM, the expression of the above-mentioned markers was
not reverted by the application of histamine to cultures of already differentiated keratinocytes. Dur-
ing the formation of organotypic skin equivalents in vitro, histamine decreased the expression of
corneodesmosin and of the tight junction protein occludin, leading to a defect in the inside-out,
but not in the outside-in barrier function of the epidermal component as tested by biotin and
Lucifer yellow applications. Our data demonstrate that histamine perturbs terminal differentiation
of epidermal keratinocytes and impairs the skin barrier function. These findings suggest that mast
cells play a direct role in the alteration of the skin barrier in diseases with increased mast cell num-
bers and elevated histamine concentrations in the skin and might provide a new impulse for the use
of antihistamines in the treatment of these diseases.
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Antimicrobial peptide pheromone Plantaricin A increases the cellular antioxidant defenses
of human keratinocytes and modulates the synthesis of filaggrin, involucrin, β-defensin 2, and
tumor necrosis factor alpha
B Marzani,1 D Pinto,2 M De Angelis,2 M Gobbetti,2 A Benedusi1 and G Giuliani1 1 R&D, Giuliani
SpA, Milan, Italy and 2 Department of Biologia e Chimica Agro-Forestale ed Ambientale,
University of Bari, Bari, Italy
Plantaricin A (PlnA) is a peptide produced by Lactobacillus plantarum with antimicrobial and
pheromone activities. PlnA was chemically synthesized and used as pure peptide or biologically
synthesized during co-cultivation of Lactobacillus plantarum DC400 and Lactobacillus sanfrancis-
censis DPPMA174. Chemically synthetized PlnA (10 μg/ml) had a higher activity than hyaluronic
acid or α-tocopherol. The effect on transcriptional regulation of filaggrin (FLG), involucrin (IVL),
hyaluronan synthase (HAS2), human beta-defensin-2 (HBD-2) and Th1 cytokine tumor necrosis
factor alpha (TNF-alpha) genes was assayed through RT-PCR and ELISA. Compared to control, the
expression of FLG gene by NCTC 2544 cells increased for cells treated with hyaluronic acid, 1.0
and 10 μg/ml of PlnA. Compared to control, also the level of IVL gene increased in NCTC 2544
cells treated with 10 μg/ml PlnA. No significant differences were found between the level of HAS2
gene expressed by the control and cells treated with PlnA. Both PlnA preparations induced the
expression of HBD-2 gene. Compared to chemically synthesized PlnA, the up-regulation HBD-2
by CFS containing PlnA was higher. Compared to control, the expression of TNF-alpha gene decreased
after 16 h of treatment in NCTC 2544 cells treated with 10 μg/ml of chemically synthetized PlnA.
On the contrary, the level of TNF-alpha was highest in presence of 10 μg/ml of PlnA from CFS. The
findings of this study suggested that antimicrobial peptide pheromone PlnA was positively sensed
by human keratinocytes promoting skin defenses.
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KLK7 participates in the maturation of caspase-14 during keratinocyte terminal differentia-
tion - Role of an intermediate form
M Yamamoto,1,2 Y Matsumoto,1 M Miyai,1 R Tsuboi2 and T Hibino1 1 Shiseido Research Center,
Yokohama, Japan and 2 Dermatology, Tokyo Medical University, Tokyo, Japan
Activation mechanisms of caspases are well established, where apoptosome, DISC and inflamma-
some play critical roles. In some cases, it is suggested that the maturation process, cleavage of propep-
tides and removal of linker region, will be followed. However, maturation mechanism of caspase-
14 is totally unknown. Since its maturation occurs at the onset of terminal differentiation, we
investigated epidermal proteases expressed in the late stage of differentiation. We found that chy-
motrypsin-like serine protease, KLK7 cleaved procaspase-14 at Y178 and generated an intermedi-
ate form consisted of a large (20 kDa) and a small subunit (8 kDa). We prepared an antibody directed
to this cleavage site (h14Y178 Ab). h14Y178 Ab recognized a 20 kDa band, when procaspase-14
was incubated with chymotrypsin or KLK7. We constructed a constitutively active intermediate form,
revC14-Y178. The substrate specificity of revC14-Y178 was completely different from the purified
caspase-14, showing broad specificity to various caspase substrates except WEHD-AFC, the most
preferable substrate for active caspase-14. Km values for VEID-AFC, DEVD-AFC, LEVD-AFC and
LEHD-AFC were 0.172, 0.261, 0.504, and 0.847 micromole, respectively. We confirmed genera-
tion of the active form of caspase-14 when procaspase-14 was incubated with KLK7 or revC14-
Y178. Expression of constitutively active KLK7 in cultured keratinocytes generated the intermedi-
ate form and the mature form of caspase-14. Immunohistochemical analysis further demonstrated
that the intermediate form localized at the granular layer. On the other hand, in the lesional skin
with atopic dermatitis and psoriasis intermediate form was widely expressed between spinous and
cornified layer which was coincided with the KLK7 expression area. Our results reveal that pro-
caspase-14 activation is a two step cascade and its impairment is associated with abnormal differ-
entiation and barrier disruption.
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Differential effects of common moisturizer polyols on normal human epidermal keratinocytes
J Szabó-Papp, K Sós, A Oláh, AG Szöllösi, BI Tóth, G Czifra and T Bíró DE-MTA “Lendulet”
Cellular Physiology Research Group, Department of Physiology, University of Debrecen,
MHSC, RCMM, Debrecen, Hungary
Polyols (such as e.g. Glycerol, Xylitol) are implicated as moisturizers of the skin and other epithe-
lial tissues. However, we lack information about their exact cellular mechanisms of actions and their
effects on the gene expression profiles of the cells. Therefore, in the current study, we aimed at inves-
tigating the effects of Glycerol and Xylitol on proliferating normal human epidermal keratinocytes
(NHEK), used as a model epithelial cellular system. These polyols (Xylitol: 0.045 – 0.45%; Glyc-
erol: 0.027 – 0.27%) did not alter cellular viability (MTT assay), volume of the cells (confocal
microscopy), or intracellular calcium concentration (fluorescent Ca-imaging). However, they exerted
differential effects on signaling molecule systems and the expression of certain genes. Namely, Xyl-
itol, but not Glycerol, induced 1) a marked upregulation of filaggrin (both at the mRNA and pro-
tein levels), a key molecule of epithelial regeneration and barrier repair; and 2) a selective translo-
cation of protein kinase C delta, an enzyme involved in promoting keratinocyte differentiation. On
the other hand Glycerol, but not Xylitol, markedly suppressed the expression of HLADR, a marker
of epithelial inflammation. Since filaggrin levels were shown to be suppressed in dry skin, our intrigu-
ing data suggest that Xylitol treatment may induce accelerated regeneration and premature differ-
entiation of the keratinocytes resulting in a faster barrier recovery. In addition, our findings also
implicate that Glycerol treatment may exert anti-inflammatory (and possibly anti-irritant) actions.
Hence, a combined application of these polyols may possess therapeutic advantages in the man-
agement of such inflammatory conditions which are characterized by an impaired and/or damaged
skin barrier.
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In vitro investigation of ethnic metabolic skin variations
G Yarova, J Bajor and C Bosko Unilever, Trumbull, CT
Although skin is increasingly recognized as metabolically active organ, there have been very few
reports on cutaneous biotransformation of xenobiotics. Expression of a wide variety of cutaneous
xenobiotic metabolizing enzymes has been demonstrated in vitro and in vivo; however investiga-
tion of their activities is hindered by underutilization of sensitive techniques and absence of a robust,
reliable in vitro model. We developed and validated skin S9 fraction model and characterized enzyme
activities using conventional and proprietary marker substrates. We produced two 10-donor ethnic
pools of Asian and Caucasian S9 fractions and utilized them in investigation of metabolic stability
and metabolite profiles of a chemical set comprising known and proprietary compounds. Our objec-
tive was to examine and characterize metabolic differences between Asian and Caucasian ethnic-
ities and, ultimately, map them to corresponding enzymes. Creating a dataset of metabolic bio-
transformations and enzyme pathways in skin of different ethnicities will serve as a first step in
building a foundation for in silico predictions of bioavailability of topically applied bioactives. Low
to moderate levels of metabolism ranging from 2% to 26% and 0% to 33% depletion of a parent
compound in Phase I and Phase II metabolic reactions, respectively, were detected in ethnic skin
models. Metabolites of each parent molecule were identified utilizing sensitive LC/MS/MS tech-
nique. Metabolite profiles were obtained even for molecules minimally depleted in skin fractions
and compared between ethnicities. Formation of Phase II metabolites, although qualitatively simi-
lar, appeared to be more extensive in Caucasian model. Phase I metabolite profiles and amounts
were similar in both models. As expected, metabolism of test compounds was significantly more
extensive in liver. Considering subtle variations in metabolism between the ethnicities, future efforts
will focus on detailed metabolite profiling to tease out ethnic differences. Enzyme mapping study
is proposed to link biotransformations to skin-specific enzymes and correlate to known polymor-
phisms.
344
Neural recruitment and dynamism in the pathogenesis of atopic dermatitis
SB Elmariah, VB Reddy and EA Lerner Dermatology, Massachusetts General Hospital,
Charlestown, MA
Atopic dermatitis (AD) is a common and frequently disabling cutaneous disorder characterized by
pruritus and inflammation. In addition to defective barrier function and immune dysregulation, alter-
ations in neural innervation and neurogenic inflammation appear to play little recognized but impor-
tant roles in AD pathogenesis. In this study, we characterize changes in neural innervation in eczema-
tous skin and determine when changes in sensory innervation patterns occur. We performed in vivo
confocal imaging of fluorescently labeled peripheral sensory nerves in mice during epicutaneous
sensitization (ECS) to ovalbumin, an allergic mouse model that produces eczematous skin lesions.
Visualization of the same cutaneous nerve branches sequentially over time revealed that specific
subpopulations of peripheral sensory nerves are highly dynamic throughout eczema development,
eventually resulting in higher innervation density and arbor complexity. Neural sprouting and retrac-
tion occurred early in the evolution of the dermatitis, within hours to days of ovalbumin sensitiza-
tion, and continued throughout ECS. Increases in the average length of primary and secondary
branches, as well as in the number of branch points, were observed in ovalbumin-treated skin com-
pared to baseline or saline-treated controls. Moreover, these changes occurred prior to the devel-
opment of a rash or increased scratching behavior. Our results suggest that cutaneous inflamma-
tion may promote re-organization of sensory innervation patterns early in AD pathogenesis and
that different neural populations may contribute to the development of eczema.
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EGFR regulation of epidermal barrier function
TR Sutter,1,2,3 Q Tran,1,2 LH Kennedy,3 S Carrion,1 S Bodreddigari,1,2 S Goodwin1,2 and CH Sutter1,2
1 Biological Sciences, University of Memphis, Memphis, TN, 2 W. Harry Feinstone Center for
Genomic Research, University of Memphis, Memphis, TN and 3 Chemistry, University of
Memphis, Memphis, TN
Keratinocyte terminal differentiation is the process that ultimately forms the epidermal barrier that
is essential for mammals to survive in the ex utero environment. This process is tightly controlled
by the expression of many well-characterized genes. Although a few of these genes are known to
be regulated by the epidermal growth factor receptor (EGFR), an important regulator of multiple epi-
dermal functions, neither the genome-wide scale of EGFR-mediated regulation nor the mecha-
nisms by which EGFR signaling controls keratinocyte differentiation are well understood. Using
microarray analysis we identified 2,676 genes that are regulated by epidermal growth factor (EGF),
a ligand of the EGFR. We further discovered, and separately confirmed by functional assays, that
EGFR activation abrogates all of the known essential processes of keratinocyte differentiation by (1)
decreasing the expression of lipid matrix biosynthetic enzymes, (2) regulating numerous genes form-
ing the cornified envelope, and (3) suppressing the expression of tight junction proteins. In organ-
otypic cultures of skin, EGF acted to impair epidermal barrier integrity, as shown by increased
transepidermal water loss. As defective epidermal differentiation and disruption of barrier function
are primary features of many human skin diseases, we used bioinformatics analysis to identify genes
that are known to be associated with skin diseases. In comparison to non-EGF-regulated genes, EGF-
regulated genes were significantly enriched for skin disease genes. These results provide a systems-
level understanding of the actions of EGFR signaling to inhibit keratinocyte differentiation and insights
as to how imbalance of EGFR signal contribute to skin pathology.
347
A proteasome inhibitor-stimulated Nrf1-dependent compensatory increase in proteasome
subunit gene expression reduces polycomb group protein level
S Balasubramanian,1 S Kanade,1 B Han1 and RL Eckert2 1 Biochemistry and Molecular Biology,
University of Maryland School of Medicine, Baltimore, MD and 2 Biochemistry and
Molecular Biology, Dermatology, and Obstetrics and Gynecology, University of Maryland
School of Medicine, Baltimore, MD
The polycomb group (PcG) proteins, Bmi-1 and Ezh2, are important epigenetic regulators that
enhance skin cancer cell survival. We recently showed that Bmi-1 and Ezh2 protein level is reduced
by treatment with the dietary chemopreventive agents, sulforaphane and green tea polyphenol,
and that this reduction involves ubuiquitination of Bmi-1 and Ezh2, suggesting a key role of the
proteasome. In the present study, we observe a surprising outcome that Bmi-1 and Ezh2 levels are
reduced by treatment with the proteasome inhibitor, MG132. We show that this is associated with
a compensatory increase in the level of mRNA encoding proteasome protein subunits in response
to MG132 treatment. The increase in proteasome subunit level is associated with increased Nrf1
and Nrf2 level. Moreover, knockdown of Nrf1 attenuates the MG132-dependent increase in pro-
teasome subunit expression and restores Bmi-1 and Ezh2 expression. The MG132-dependent loss
of Bmi-1 and Ezh2 is associated with reduced cell proliferation, accumulation of cells in G2, and
increased apoptosis. These effects are attenuated by forced expression of Bmi-1, suggesting that PcG
proteins, consistent with a pro-survival action, may antagonize the action of MG132. These studies
describe a compensatory Nrf1-dependent, and to a lesser extent Nrf2-dependent, increase in pro-
teasome subunit level in proteasome inhibitor treated cells, and confirm that PcG protein levels are
regulated by proteasome activity.
349
The p63 target gene Calml4 is involved in epidermal terminal differentiation
MW Ariefdjohan and MI Koster Dermatology, University of Colorado, Aurora, CO
The p63 gene encodes several transcription factors that are essential for epidermal development and
homeostasis. Of the transcription factors encoded by the p63 gene, ΔNp63α is the isoform pre-
dominantly expressed in postnatal epidermis. Using genetically engineered mice, we previously
uncovered important roles for ΔNp63α in regulating epidermal terminal differentiation. The goal of
our current study was to identify and characterize novel ΔNp63α target genes that mediate this
process. Using microarray analyses, we identified Calmodulin-like 4 (Calml4) as a putative p63 tar-
get gene. Our follow-up studies demonstrated that ΔNp63α directly induces Calml4 expression in
keratinocytes by interacting with a p63 binding site located in the Calml4 promoter. We hypothe-
sized that Calml4 may have a role in epidermal terminal differentiation since it is a predicted Ca2+
binding protein and its expression is increased in terminally differentiating keratinocytes. To test
this hypothesis, we generated bK5.Calml4 mice, in which Calml4 expression was placed under the
control of the bovine keratin 5 (bK5) promoter. Surprisingly, we found that increased Calml4 expres-
sion led to impaired epidermal terminal differentiation. This phenotype was characterized by an
increase in proliferating keratinocytes in the suprabasal cell layers of the epidermis and a delay in
expression of the terminal differentiation marker keratin 1 (K1). We are currently investigating the
molecular mechanism by which Calml4 impairs epidermal terminal differentiation. One possibil-
ity would be that Calml4 regulates the available pool of Ca2+ within the cell. By sequestering Ca2+
away from proteins that are activated by Ca2+ binding, Calml4 may impair the ability of these pro-
teins to initiate and execute the terminal differentiation program. Collectively, we have identified
Calml4 as a novel target gene of p63. These findings further expand the network of known p63 tar-
get genes and contribute to our understanding of the genetic pathways that control epidermal ter-
minal differentiation.
348
Modulation of CPT-1 expression in primary human subcutaneous adipocytes with starfruit
(Averrhoa carambola) leaf extract 
J Idkowiak-Baldys, C Hwang, S Yim, J Lyga and U Santhanam Global R&D, Avon Products, Inc.,
Suffern, NY
Cellulite is considered to be an aesthetically unacceptable skin condition observed mainly in the
gluteal-fermoral regions of the body and is characterized by ‘orange-peel’ or ‘cottage cheese’ appear-
ance of the skin. Cellulite affects mainly females and is present in most post-adolescent women.
The uneven surface texture is due to protrusion of subcutaneous fat into the dermis. An increase in
the number and size of adipocytes plays a major role in the development of this condition. Target-
ing adipose tissue metabolism can help improve the appearance of cellulite. One of the key enzymes
involved in fatty acid metabolism is carnitine palmitoyl transferase-1 (CPT-1). It is the rate-limiting
enzyme of fatty acid β-oxidation, mediating the transport of long chain fatty acyl-CoA across mito-
chondrial membrane by binding them to carnitine and initiating fatty acid oxidation. In the present
study, we evaluated the effect of a proprietary starfruit leaf extract on the expression of CPT-1 in pri-
mary human subcutaneous adipocytes. Starfruit leaf extract was found to significantly increase
CPT-1 expression in adipocytes. In order to mimic real-life application to skin, a prototype formula
containing starfruit leaf extract and other actives was topically applied on to EpiDermFT skin equiv-
alent tissue for a period of time. The conditioned medium containing the actives that penetrated
through the skin equivalent was collected and incubated with adipocytes. The results indicated that
treatment of skin equivalent with the prototype formula containing starfruit leaf extract led to an
increase in CPT-1 expression in adipocytes. In addition, fatty acid oxidation was increased in the
adipose cells treated in the same manner. Taken together, these results suggest that starfruit leaf
extract, which stimulates CPT-1 expression and fatty acid oxidation, can be used as a novel cos-
metic ingredient to help improve the appearance of cellulite.
346
Correlation of in vivo and in vitro skin penetration and metabolism of a polar and of a mod-
erately lipophilic molecule
MA Brown,1 G Yarova,1 A Burger,2 J Bajor1 and C Bosko1 1 Skin Bioscience, Unilever Research
and Development, Trumbull, CT and 2 Clinical Science, Unilever Research and Development,
Trumbull, CT
The importance of understanding the penetration and metabolism of topically applied materials is
well recognized. In vitro methods using either human or porcine skin are frequently used to esti-
mate delivery to the skin, as well as to estimate systemic uptake. Although test guidelines for these
techniques have been published and approved by OECD and other regulatory bodies, there is no
standard protocol, and there have been very few well controlled studies to correlate these methods
to in vivo human exposure, particularly as related to tissue concentrations. We therefore undertook
a comparison of in vitro vs in vivo skin delivery of a polar and of a moderately lipophilic molecule
by measuring tissue deposition using an in vitro pig skin technique followed by a human clinical.
Healthy human volunteers were treated topically on the inner thighs according to an IRB-approved
protocol by a recognized CRO. Eight total sites represented four different test durations, each tested
in duplicate. Following treatment, the skin was tape-stripped 23 times with sterile adhesive tape,
and a 3-mm punch biopsy of the viable tissues taken. For the lipophilic molecule, the epidermis
and dermis were separated by heat/scalpel dissection and analyzed separately for the parent com-
pound and for three metabolites using LC/MS, following an extraction procedure. For the polar mol-
ecule only the epidermis was analyzed. Results were compared to epidermal and dermal deliver-
ies measured in dermatomed ex vivo porcine skin using flow-through penetration cells, and to ex
vivo metabolism studies. Results showed that the in vitro pig skin penetration test and the in vitro
metabolism methods closely predicted in vivo human delivery and metabolism.
350
The mechanism of monomethyl fumarate (MMF) as an anti-psoriatic agent
IA Helwa2,1 and WB Bollag1,2,3 1 Physiology, Georgia Health Sciences University, Augusta, GA,
2 Oral Biology, Georgia Health Sciences University, Augusta, GA and 3 Medicine
(Dermatology), Georgia Health Sciences University, Augusta, GA
In Germany, the drug Fumaderm® has been licensed for the treatment of psoriasis since 1994.
Although clinical trials have proven its efficacy, its exact mechanism is unknown. This poor under-
standing is the main barrier against its approval in many countries. The goal of our research is to
understand the mechanism of action of monomethylfumarate (MMF), regarded as the active ingre-
dient of Fumaderm®. Excessive keratinocyte proliferation and abnormal differentiation are hall-
marks of psoriasis. Our preliminary data using cultured mouse keratinocytes indicate that MMF
inhibits keratinocyte proliferation and promotes differentiation as compared to untreated control
samples. Thus, MMF showed a dose dependent reduction in keratinocyte proliferation, as moni-
tored using radiolabeled thymidine incorporation into DNA, between 300 μM and 1mM MMF,
with an almost 50% reduction at 1mM (n=4, p<0.05). MMF also induced a dose-dependent increase
in transglutaminase (TGase) activity, a marker of late keratinocyte differentiation, with a significant
90% increase in response to 1mM MMF (n=4, p<0.05). Western analysis also demonstrated increased
levels of keratin 10 (K10), a marker of early differentiation, with the 1mM concentration of MMF.
Recent studies suggest that MMF may function by binding to the receptor GPR109A. GPR109A is
a G-protein coupled receptor that has been shown to be over-expressed in psoriatic skin. Our results,
consistent with other reports, have shown that mouse keratinocytes express GPR109A, demonstrated
using RT-PCR and immune-histochemistry. In summary, we have shown that keratinocytes express
GPR109A, and that MMF has an anti-proliferative, pro-differentiative effect on keratinocytes. This
idea suggests that MMF, or a derivative thereof, might be an ideal agent for treating psoriasis, and
in future experiments we intend to define the mechanism of its action.
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Suppression of AP1 transcription factor function in cultured keratinocytes and murine epi-
dermis alters gene expression
B Han,1 EA Rorke,1 G Adhikary,1 Y Chew,1 W Xu1 and RL Eckert2 1 Biochemistry and Molecular
Biology, University of Maryland School of Medicine, Baltimore, MD and 2 Biochemistry and
Molecular Biology, Dermatology, Obstetrics and Gynecology, Reproductive Sciences,
University of Maryland School of Medicine, Baltimore, MD
The AP1 transcription factors (jun/fos) are key controllers of epidermal keratinocyte differentiation.
In the present study, we examine the mechanism whereby TAM67, a dominant-negative form of c-
jun, alters gene expression in normal human keratinocytes and murine epidermis. We show that
TAM67 localizes in the nucleus in cultured human keratinocytes where it forms TAM67 homod-
imers which interact with AP1 transcription factor DNA binding sites to reduce binding of endoge-
nous c-jun, junB, junD, Fra-1, Fra-2 and c-fos at these sites. This involves TAM67 homodimer bind-
ing to DNA to competitively displace endogenous jun/fos factors. Involucrin is a well characterized
AP1 target gene. TAM67 homodimer binding to the AP1-5 site of the hINV gene promoter reduces
human involucrin (hINV) protein and mRNA level and promoter activity. An important observation
is that TAM67 expression reduces the level of c-jun, junB and junD mRNA and protein. Studies
with c-jun promoter suggests that this due to reduced transcription. In contrast, the level of fos fam-
ily proteins is not reduced. TAM67 also interacts with AP1 response elements in TAM67-expressing
epidermis to displace endogenous factors, and this is associated with reduced expression of murine
involucrin and loricrin expression. Thus, we propose that the major mode of TAM67 action is TAM67
homodimer suppression of endogenous AP1 factor binding to DNA. A secondary mechanism is for-
mation of TAM67-jun and TAM67-fos heterodimers which bind DNA but are transcriptionally inac-
tive. An important finding is that TAM67 suppresses transcription of jun, but not fos, family tran-
scription factor expression.
352
The effect of intracellular energy on transepithelial electric potential (TEEP) in human skin
V Ionita-Manzatu,1 M Ingrassia,1 J Lombardi1 and T Mammone1,2 1 Skin Physiology and
Pharmacology, Estee Lauder Companies, Melville, NY and 2 Clinique Laboratories, Melville,
NY
It has been reported that epithelial tissue has a Transepithelial Electric Potential (TEEP) resulting from
the action of ATP dependent ion pumps in the skin. This potential has been reported to contribute
to wound healing and the flux of water into skin. Previously we observed that the sodium channel
blocker amiloride caused a rapid and dose-dependent decrease in TEEP accompanied by a decrease
of water content of the skin while the sodium channel opener aldosterone yielded the opposite
effect. In this study, we hypothesized that enhancing intracellular ATP levels would increase TEEP
levels, thereby increasing water content in the skin. We tested this hypothesis by treating organ-
otypic skin with AMP, forskolin, and caffeine, all of which are known to increase intracellular lev-
els of ATP, and measured TEEP and water content. In these experiments, we observed increases in
TEEP of 200, 100 and 100% in organotypics incubated with AMP, forskolin and caffeine respec-
tively. Each concentration tested yielded significant increases in water content in these cultures. Fur-
thermore, we observed that there is a linear correlation between TEEP and water content.
353
A purified Feverfew extract induces DNA Repair in skin via a PI3-kinase-dependent Nrf2-ARE
pathway
K Rodriguez,1 S Kaur,1 T Oddos,2 H Wong2 and MD Southall1 1 Skin Biology and Pharmacology,
Johnson and Johnson Skin Research Center, Skillman, NJ and 2 Pharmacology Department,
Johnson and Johnson Santé Beauté France, Val de Reuil, France
Environmental factors such as UV radiation have a detrimental effect on skin health with the pro-
duction of reactive oxygen species, pro-inflammatory cytokines, and DNA damage. The NF-E2-
related factor-2 (Nrf2) –antioxidant response element (ARE) pathway is one of the key cellular defense
mechanisms that protect the cell from the effects of external aggressors by stimulating production
of endogenous antioxidant and DNA repair genes. A purified Feverfew extract (Tanacetum parthe-
nium) was found to induce nuclear translocation of Nrf2, as observed via immunofluorescence, and
also activate the ARE promoter in epithelial cells and primary human keratinocytes. Blocking the
de novo expression of Nrf2 by using specific siRNA diminished Feverfew-induced ARE promoter
activity. Pre-treatment with LY294002, a selective pharmacological inhibitor of PI3 kinase led to a
similar response suggesting that Feverfew activates the Nrf2-ARE pathway via PI3 kinase. Addi-
tionally, Feverfew was shown to induce phosphorylation of Akt by western blotting analysis. In a
comet assay, pretreatment with Feverfew enhanced the repair of DNA damage caused by UV in pri-
mary keratinocytes, and this effect was reversed by addition of the PI3 kinase inhibitor LY294002.
Activation of DNA repair genes by Feverfew was observed using a PCR array of Feverfew-treated
human skin equivalents in vitro showing several-fold induction of the apurinic/apyrimidinic endonu-
clease-1 (APE-1) and DNA-damage binding protein-1 (DDB-1). These findings were further con-
firmed by western blot analysis of human skin equivalents topically treated with Feverfew. These
results suggest that a purified Feverfew extract protects skin from the harmful effects of numerous
external aggressors, including UV radiation, via a PI3-kinase-dependent Nrf2-ARE pathway.
354
The Trithorax complex promotes epidermal keratinocyte differentiation in part through
GRHL3/GET1- mediated recruitment
A Hopkin,1,2 W Gordon,1,2 R Klein,1,2 F Espitia,1,2 K Daily,3 M Zeller,3 P Baldi3 and B Andersen1 1
Medicine, University of California, Irvine, Irvine, CA, 2 Biological Chemistry, University of
California, Irvine, Irvine, CA and 3 Computer Science, University of California, Irvine, Irvine,
CA
Epidermal differentiation is a complex process requiring the coordinated activation of a tissue-spe-
cific gene expression program and the simultaneous repression of progenitor genes. Previous stud-
ies defined a role for the Polycomb complex (PcG) through the H3K27 methyltransferase Ezh2 in
repressing epidermal differentiation genes in progenitor cells, and for the H3K27 demethylase JMJD3
in the release of this repression during differentiation. However, the PcG mechanism cannot fully
explain the gene expression changes required for effective epidermal differentiation and barrier for-
mation. We defined an epidermal keratinocyte differentiation role for the Trithorax complex (trxG),
a known antagonist of Polycomb, which is responsible for H3K4me3 associated with active pro-
moters. The transcription factor Grhl3/Get1, a key regulator of epidermal differentiation, recruits
trxG to the promoters of a subset of differentiation genes through direct interaction with its core
component WDR5. Recruitment of trxG by a transcription factor that is expressed in a differentia-
tion-dependent manner, explains how the ubiquitously expressed trxG can be recruited to the appro-
priate genes during differentiation. Combining publicly available ENCODE data with our ChIP-Seq
and ChIP-qPCR data in differentiated keratinocytes, we show that activation of some epidermal dif-
ferentiation genes requires both H3K27 de-methylation and Trithorax mediated H3K4 methylation
at their promoter. In contrast, activation of other differentiation genes is only associated with an
increase in H3K4 methylation at the promoter. In sum, we show a previously unknown role for the
trxG in epidermal differentiation, define multiple classes of genes, each with a unique mode of epi-
genetic regulation during differentiation, and suggest that some epidermal genes, expressed at low
levels in progenitor cells, do not depend on PcG-mediated silencing.
355
Topical apigenin up-regulates epidermal filaggrin expression and inhibits cutaneous inflam-
mation in murine models
M Man,1 M Hou,2 R Sun,1 M Hupe,1 P Kim,1 K Park,1 D Crumrine,1 TM Mauro1 and PM Elias1 1
Dermatology, VA Med Ctr/UCSF, San Francisco, CA and 2 Dermatology, Nanjing Med Univ,
Nanjing, China
Antioxidant defense and epidermal permeability barrier function now appear to be related to over-
all skin defense. A further line of evidence suggests that oxidant-induced alterations in epidermal
structure and function could result in disrupted epidermal permeability barrier function. Therefore,
we hypothesized here that topical antioxidants could benefit epidermal permeability barrier func-
tion. In the present study, we determined whether topical apigenin, a potent antioxidant extract from
Chinese herbal medicines, influences permeability barrier homeostasis and the basis thereof. Hair-
less mice were treated topically with 0.1% apigenin or ethanol alone twice daily for 9 days. At the
end of treatment, basal transepidermal water loss (TEWL), and TEWL levels at 2 and 4 hours post-
barrier disruption were measured with an electrolytic water analyzer or a TEWAMETER. In addition
to increasing caspase 14 expression, apigenin stimulated filaggrin expression, assessed by immuno-
chemistry and Western blotting. Moreover, topical apigenin increased lamellar body density. Api-
genin accelerated barrier recovery at 4 hr, which correlated with enhanced keratinocyte differenti-
ation. Because of enhanced barrier function in normal skin, we next assessed whether this antioxidant
would reduce inflammation and/or improve barrier function in three immunologically-diverse inflam-
matory dermatitis models, acute allergic contact dermatitis (AACD), acute irritant contact dermati-
tis (AICD), and subacute allergic contact dermatitis (SACD). Topical apigenin inhibited cutaneous
inflammation in both AACD and AICD in parallel with improved barrier function in SACD. We
conclude: topical apigenin improves epidermal permeability barrier function, and stimulates epi-
dermal differentiation, which translated into therapeutic efficacy for this antioxidant in inflamma-
tory dermatoses.
356
Desmosomal cadherins crosstalk to the nucleus via a novel potent transcriptional regulator
of the Wnt pathway: Plakoglobin (PG, JUP, γ-catenin)
A Galichet, C Strauss, BS Sayar, D Howald and EJ Mueller Molecular Dermatology, University
of Bern, Bern, Switzerland
We have previously shown that the armadillo proteins PG and β-catenin accumulate in the nucleus
during calcium-induced stabilization of intercellular adhesion and onset of differentiation in ker-
atinocytes. Conversely, if intercellular adhesion is disrupted, using desmoglein 3 (Dsg3) function-
disrupting antibodies, nuclear steady-state levels of PG prominently decrease, PG-mediated tran-
scriptional c-Myc suppression is relieved and keratinocytes continue to proliferate (Williamson et
al, Embo J, 25, 3298ff, 2006). These observations prompted us to broadly address PG’s ability to
transcriptionally regulate gene expression after calcium induction; a genome-wide promoter screen
for PG target genes was performed using chromatin immunoprecipitation followed by a promoter
array (ChIP-chip). Three consecutive ChIP-chips identified over 5’000 high confidence PG targets
(FDR <0.2), which most significantly associated with Wnt pathway components and Wnt target
genes based on EGAN bioinformatics analyses. Data were validated by reporter gene assay and
single gene ChIP underscoring PG-mediated TCF/LEF-dependent gene regulation, including that of
Dsg3. Consistent with these findings, Wnt pathway activation was found to be a prominent feature
after calcium-induced establishment of intercellular adhesion and differentiation in keratinocytes.
Furthermore, transcriptional expression profiling by DNA array in cells with disrupted Dsg3 adhe-
sion confirmed that the most downregulated genes were Wnt family members correlating with
impaired Wnt signaling. Our data support a model whereby establishment of desmosomal adhe-
sion modulates nuclear PG which in turn regulates Wnt signaling to implement differentiation-rel-
evant gene expression. These data challenge the current understanding of Wnt signal activation in
general and in keratinocyte differentiation in particular. They further underscore the importance of
Dsg3-dependent gene regulation through PG, which when functionally impaired contributes to
diseases such as pemphigus vulgaris.
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Infrared microscopy of human corneocytes from different anatomical sites measures differ-
ences in protein secondary structure and chemical composition
S Gourion-Arsiquaud and DJ Moore Center for Skin Science and Applied Dermatology, TRI
Princeton, Princeton, NJ
Reports over the last five years have demonstrated that Fourier transform infrared (FTIR) imaging
microscopy of corneocytes can quantitatively characterize changes in natural moisturizing factor
(NMF) levels as a function of stratum corneum (SC) maturation. More recent work has indicated
that NMF removal as a consequence of external stresses, such as skin cleansing, can be measured
with FTIR microscopy thereby providing some insights into the causes of dry skin. The current work
describes the extension of the above methods to corneocytes collected from various exposed and
unexposed anatomical sites including faces, arms and legs. Furthermore, we extend the spectro-
scopic characterization of corneocytes beyond NMF concentration to include the corneocyte pro-
tein content, corneocyte protein to lipid ratio, and corneocyte protein secondary structure. Cells
were collected via tape stripping and following isolation with hexane were analyzed by point
mode FTIR microscopy. Reported results from each anatomical site are from FTIR spectra of several
hundred corneocytes. Statistically significant differences were observed in the relative content of
corneocyte protein secondary structure motifs. For example, the ratio of beta-sheet and unfolded
structures to alpha-helical structures was larger in corneocytes collected from palms compared to
volar forearms. This is likely due to the harsh environmental conditions to which palm SC is exposed
compared to arms. Further differences, such as the corneocyte lipid to protein ratio, were also sig-
nificantly different in anatomical sites, for example, lower in palms compared to faces. The poster
will describe these, and several other molecular differences, revealed by the application of FTIR
microscopy to corneoytes and discuss the application(s) of the method to understand structural and
compositional changes in SC corneocytes as a function of anatomical site and external stress.
359
Clock gene activity in keratinocytes measured with a per1-promoter construct
E Pelle,1,2 J McCarthy,1 K Dong,1 D Layman,1 R Zamfir,1 DB Yarosh1 and N Pernodet1 1 R&D, Estee
Lauder Research Laboratories, Melville, NY and 2 Environmental Medicine, New York
University School of Medicine, New York, NY
All mammalian organisms are affected by circadian rhythms and maintaining a normal diurnal cycle
is an important health consideration. For example, disruption of this normal pattern has led to the
finding that night shift workers experience higher incidences of cancer. Thus, how circadian rhythms
may affect cutaneous health is an area that requires additional research. Although the body is gen-
erally entrained by retinal photo-stimulation leading to the activation of hypothalamic superchias-
matic nuclei which direct circadian responses, recent data have demonstrated that cultured ker-
atinocytes express clock genes. At the molecular level, the transcriptional activator proteins, CLK
and BMAL-1 heterodimerize and bind E-box sequences to transactivate per1. As PER1 builds up, it
then binds the CLK/BMAL-1 complex to inhibit its own activation by a negative feedback mecha-
nism. To further study this cycle, we developed a model system using a per1 promoter-luciferase
construct which was transfected into normal human epidermal keratinocytes (NHEK) in order to
measure per1 oscillations. We tested this system with melatonin because it has been causally asso-
ciated with per1 activity. Dose-dependent increases of 36 – 188% in per1-promoter activity were
observed in cells treated with melatonin from 50 – 300 μM, respectively, and validated our model
system for detecting changes in clock gene activity. Further, since it was reported that UVB reduced
per1 transcripts, we exposed NHEK to UVB after pre-treatment with melatonin. Under these con-
ditions, per1-promoter activity in UVB-irradiated NHEK decreased 20.4%, whereas in those cells
pre-treated with melatonin, greater than 100% levels were determined. Increasing per1 activity may
help to facilitate DNA repair mechanisms and protect skin because PER1 is a co-factor for ATM/CHK2
activation which is crucial for cell cycle inhibition during repair.
361
Hydroxydecine® (10-hydroxy-2-decenoic acid) improves skin barrier function in vitro and is
clinically efficient in the treatment of xerosis
H Duplan,1 E Questel,1 H Hernandez-Pigeon,1 F Galliano,1 A Caruana,1 I Ceruti,1 M Ambonati,2
C Mejean,2 O Damour,3 N Castex-Rizzi,1 S Bessou-Touya1 and A Schmitt1 1 R&D, Pierre Fabre
Laboratory, Toulouse, France, 2 Laboratoire dermatologique Ducray, Lavaur, France and 3
Banque de Tissu et Cellules, Hôpital Edouard Herriot, Lyon, France
Atopic dermatitis (AD) is a chronic skin disorder due to the development of an inflammatory immune
response in the skin together with a defective skin barrier function characterized by increased
losses of water. We generated synthetic 10-Hydroxy-2-decenoic acid, a natural fatty acid only found
in royal jelly, that might be able to restore skin barrier impairment and inflammatory disorder. In a
first part, we evaluated the activity of Hydroxydecine® in vitro on the regulation of epidermal dif-
ferentiation markers, ex vivo on the inflammatory response and the restoration of skin barrier func-
tion and in vivo on UV-induced xerosis in healthy human volunteers. In cultured normal human
keratinocytes, Hydroxydecine® induced involucrin transglutaminase-1,and filaggrin protein pro-
duction. In topically Hydroxydecine®-treated skin equivalents, immuno-histochemical analysis
revealed an increase of involucrin, transglutaminase-1 and filaggrin staining. In a model of TSLP-
induced inflamed epidermis, a Hydroxydecine®-containing emulsion inhibited TSLP release. A sec-
ond part of our work consisted in assessing the efficacy of hydroxydecin® included in a final prod-
uct (Ictyane HD® cream, Ducray). In a model of inflammation and barrier alteration involving human
skin explants maintained alive, Hydroxydecine® balm restored stratum corneum cohesion and sig-
nificantly increased filaggrin expression, as shown by immunohistochemistry. It also decreased
pro-inflammatory cytokine secretion, IL4, IL5 and IL13. In healthy volunteers with UV-induced xero-
sis, the hydration index increased by 30% (p<0.01) and 60% (p<0.001) after 7 and 21 days of treat-
ment with Hydroxydecine® cream, respectively. Hydroxydecine® thus proved its efficacy in restor-
ing keratinocyte differentiation and skin barrier function and reducing inflammation ex vivo, and
hydrating dry skin in vivo.
360
Selective alterations in the permeability barrier function and cytokine response to in vivo tan-
dem repeated irritation in aged skin
I Angelova-Fischer,1 V Becker,1 A Hoek,1 S Kezic,2 TW Fischer1 and D Zillikens1 1 Department
of Dermatology, University of Lübeck, Lübeck, Germany and 2 Coronel Institute of
Occupational Health, Amsterdam, Netherlands
The barrier impairment kinetic and molecular markers of inflammation upon cumulative in vivo
exposure to multiple irritants in aged skin have been poorly studied. We investigated the barrier
function and cytokine response to repeated sequential irritation with 0.5% sodium lauryl sulphate
(SLS) in combination with 2% acetic acid (ACA) or 0.15% sodium hydroxide (NaOH) in healthy
aged compared to young volunteers (mean age, respectively 65.7 and 25.7 years) in a standardized
tandem repeated irritation test. The barrier function was monitored by repeated measurements of
transepidermal water loss (TEWL), capacitance and erythema every 24 h up to 96 h when cytokine
samples were harvested by tape stripping and analyzed by enzyme-linked immunosorbent assay.
The repeated single or tandem application of SLS and NaOH as well as ACA/SLS and SLS/ACA
resulted in significant TEWL increase in both age groups while no such changes for ACA/ACA were
found. Except for ACA/ACA, the aged group was characterized by lower ΔTEWL, the difference upon
exposure to SLS/SLS and SLS/ACA between young and aged after 96 h being significant (p<0.01
and p<0.05, respectively). Exposure to the single irritants in the aged did not induce significant
changes in capacitance and tandem irritation resulted in less pronounced changes compared to the
young, the difference upon NaOH/SLS application after 96 h reaching significance (Δcapacitance
in respectively, young and aged, -19.55±2.48 and -13.11±1.90 AU; p<0.05). Furthermore, com-
pared to the young, repetitive single or sequential exposure to the irritant tandems in the aged resulted
in quantitative, but also qualitative differences in the levels of the extracted IL-1α, IL-1RA as well
as IL-1RA/IL-1α ratio. Taken together our findings provide new evidence for selective alterations in
the barrier function and cytokine response to in vivo cumulative tandem irritation in aged skin.
358
Topical hesperidin improves epidermal permeability barrier function and epidermal differ-
entiation in normal murine skin
M Hou,1 M Man,2 W Man,2 W Zhu,1 M Hupe,2 K Park,2 D Crumrine,2 PM Elias2 and M Man2 1
Dermatology, Nanjing Med Univ, Nanjing, China and 2 Dermatology, VA Med Ctr/UCSF, San
Francisco, CA
Orange peel extract appears to exhibit beneficial effects on skin whitening, inflammation, and
UVB protection, as well as keratinocyte proliferation. In the present study, we determined whether
topical hesperidin influences epidermal permeability barrier function and its underlying mecha-
nisms. Hairless mice were treated topically with 2% hesperidin or 70% ethanol alone twice daily
for 6 days. At the end of treatment, basal barrier function as well as transepidermal water loss (TEWL)
was measured 2 and 4 hours post barrier disruption. Epidermal proliferation and differentiation were
evaluated by immunohistochemical staining and Western blot analysis. Additionally, lamellar body
density and secretion were assessed by electron microscopy. Although there were no significant
differences in basal barrier function, in comparison to control animals, topical hesperidin signifi-
cantly accelerated barrier recovery at both 2 and 4 hours after acute barrier abrogation. Enhanced
barrier function in hesperidin-treated skin correlated with stimulation of both epidermal prolifera-
tion and differentiation, as well as enhanced lamellar body secretion. These results indicate that top-
ical hesperidin enhances epidermal permeability barrier homeostasis at least in part due to stimu-
lation of epidermal proliferation and differentiation, as well as lamellar body secretion.
362
Allergic march model is developed by Dermatofagoides pteronyssinus application on oxa-
zolone induced atopic dermatitis hairless mice and interrupted by acidic cream application
H Lee,1 N Lee,1 N Yoon,1 M Jung,1 D Kim,1 S Kim2 and E Choi1 1 Department of Dermatology,
Yonsei University, Wonju College of Medicine, Wonju, Republic of Korea and 2 Department
of Dermatology, Chonnam National University Medical School, Gwangju, Republic of Korea
Maintenance of acidic pH in stratum corneum(SC) is an important factor for normal skin barrier
function. Recently, simple acidification of SC substantially prevented barrier damages and immune
abnormalities toward atopic dermatitis(AD) development in oxazolone induced murine model. Long
standing barrier damage followed by AD is the initial step of allergic march that eventually pro-
gresses to airway allergy. Therefore, we hypothesized that oxazolone(Ox) induced AD murine model
develops the airway inflammation after topical application and inhalation of Dermatofagoides
pteronyssinus(Dp) as a ‘novel allergic march model’ and continuous acidic cream application
interrupts allergic march. During the course of Ox and Dp induction for allergic march of hairless
mice, acidic cream of pH 2.8 adjusted by citric acid and neutralized control cream were applied
twice daily for 47 days. Gross findings, skin barrier functions, airway inflammation, immunohisto-
chemical stains and molecular studies were evaluated between both groups. Acidic cream showed
better results on gross appearance, skin barrier functions, epidermal differentiation, less airway
inflammation and less Th2 infiltration compared with neutralized cream and vehicle. In addition,
Dp application provided more severe gross and histologic findings in Ox induced AD model. Our
results presents that allergic march murine model could be made by Dp application on Ox induced
AD model and an acidification of SC by acidic cream could prevents the allergic march to airway
allergy via AD.
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Redundant roles of Ovol1 and Ovol2 transcription factors in epidermal morphogenesis
B Lee and X Dai Biological Chemistry, University of California, Irvine, Irvine, CA
The Ovo gene family encodes evolutionarily conserved zinc-finger transcription factors that reside
downstream of key developmental signaling pathways such as Wg/Wnt and BMP/TGF-β and play
important functions in development across multiple species. In developing mouse epidermis, Ovol1
is preferentially expressed in suprabasal layers, whereas Ovol2 is preferentially expressed in the
basal layer. Germline ablation of Ovol1 results in failure of suprabasal epidermal cells to undergo
proliferation arrest, resulting in a thickened epidermis with expanded spinous layers. Germline abla-
tion of Ovol2 results in mid-gestation lethality, and conditional knockout of Ovol2 in the epider-
mis produces no skin defects; however Ovol1 expression is upregulated in the latter suggesting that
Ovol1 and Ovol2 may play redundant/compensatory roles in epidermal morphogenesis. In this
study, we generated double knockout (DKO) mice in which Ovol1 and Ovol2 are both deficient in
the developing epidermis. Ovol DKO epidermis displayed expanded basal and spinous layers, abnor-
mal granular layers and stratum cornea suggestive of defective terminal differentiation, and a non-
functional permeability barrier. Additionally, primary keratinocytes from newborn DKO mice grew
faster and as dispersed cells that are reminiscent of fibroblasts or cells that have undergone epithe-
lial-to-mesenchymal transition (EMT). These cells also showed increased expression of mesenchy-
mal markers and EMT genes such as Vimentin, SMA, Snail, and decreased expression of epithelial
markers such as E-cadherin. These findings support the notion of redundant roles of Ovol1 and
Ovol2 in developing skin, and suggest that Ovol proteins function to maintain epithelial identity of
epidermal stem/progenitor cells by restricting their proliferation and EMT tendency.
364
Oleic acid permeates into skin epidermis and decreases ceramide conformational order
G Mao,1 D VanWyck,1 CR Flach,2 R Mendelsohn2 and RM Walters2 1 Johnson & Johnson
Consumer Products Company, Skillman, NJ and 2 Rutgers University, Newark, NJ
The mechanism of oleic acid (OA) as a transdermal permeation enhancer has long been debated.
In this study we semi-quantitatively imaged the permeation and distribution of deuterated oleic acid
(d-OA) in excised human skin through Infrared Microspectroscopy. d-OA permeated to the epider-
mal/dermal boundary after 24-hour skin treatment. The molecular interaction between OA and
stratum corneum (SC) lipids was also investigated with a model SC lipid monolayer composed of
an equal molar mixture of ceramide, cholesterol and palmitic acid. The phase behavior and con-
formational order of lipid films were studied through surface pressure-molecular area isotherms,
Brewster Angle Microscope (BAM) and Infrared Reflectance-Absorbance Spectrometry (IRRAS).
The addition of OA to model SC lipid monolayer increased the film compressibility and modified
the shape, density and thickness of the more condensed domains in SC monolayers. IRRAS study
found that d-OA decreased SC lipid acyl chain order in the monolayer as observed by the 0.5-2
wavenumber increase in CH2 stretching frequency in the presence of d-OA; while d-OA’s acyl chains
were slightly more ordered when integrated into SC monolayer compared to the pure d-OA mono-
layer. Furthermore, the d-OA preferentially interacted with ceramide and decreased its confima-
tional order while not affecting the order of the palmitic acid in SC monolayers. This study supports
the mechanism that OA enhances transdermal permeation through fluidizing SC lipids.
365
Exposure to basic pH reduces the amount of orthorhombically packed lipid lamellae in stra-
tum corneum
DJ Moore,1 P Saad2 and CR Flach2 1 Center for Skin Science and Applied Dermatology, TRI
Princeton, Princeton, NJ and 2 Chemistry Department, Rutgers University, Newark, NJ
Fourier transform infrared (FTIR) spectroscopy studies of isolated stratum corneum (SC), model lipid
membranes, and more recently in vivo skin have been used to show the presence of SC lipids packed
in orthorhombic and hexagonal domains. Many biophysical studies, using diverse techniques,
have clearly demonstrated that this lipid organization is necessary for the essential barrier function
provided by SC. In the current work we investigated the effect of basic pH, a routine environmen-
tal stress, on lipid organization in porcine and human SC. Exposure to basic pH, even without the
presence of surfactants, has been shown to result in reduced barrier function and clinical irritation.
Using previously described FTIR spectroscopy methods the current work followed the thermotropic
changes in porcine and human SC lipid packing after exposure to pH 5 and pH 10 solutions. The
amount of orthorhombically packed lipids is consistently reduced in both human and porcine SC
after exposure to pH 10. Two quantitative methods have been developed to monitor the FTIR spec-
tral changes corresponding to the reduced amount of orthorhombically packed SC lipids, and demon-
strate that these changes in SC lipid packing are significant. These new data regarding reduced
orthorhombic chain packing in SC will be presented and discussed in the context of our previous
data showing an increase in SC lipid melting transition temperature (Tm) following a basic pH stress.
Combining the current and previous data suggests that exposure to basic pH results can result in
more stable gel phase SC lipid lamellae, as indicated by a higher Tm, yet these lipid lamellae are
less tightly packed, as indicated by the reduced orthorhombic phases. Molecular mechanisms for
these changes in lamellar lipid organization following pH stress, including hydrogen bonding inter-
actions and their impact of bilayer stability, will be discussed.
366
Apolipoprotein E is associated with epidermal lamellar bodies
G Paragh,1,2 P Ugocsai,2 E Orsó,2 T Vogt,3 A Boettcher,2 G Liebisch2 and G Schmitz2 1 Department
of Dermatology, Medical College of Wisconsin, Milwaukee, WI, 2 Institute for Clinical
Chemistry and Laboratory Medicine, University of Regensburg, Regensburg, Germany and 3
Department of Dermatology, University of Regensburg, Regensburg, Germany
Apolipoproteins (AL) are organizers of lipids required for lipid packaging and trafficking. Given the
ubiquity and importance of AL in lipophilic environments our work aimed to identify the major AL
of human keratinocytes. Expression of human AL genes was measured in cultured normal human
keratinocytes (NHEK) by microarray and quantitative RT-PCR. Gene expression of apolipoprotein E
(apoE) was analyzed in normal human skin using immunohistochemistry and immunofluorescence.
Lamellar bodies (LB) from human epidermis were isolated by sequential filtration and discontinu-
ous sucrose density gradient centrifugation, protein content was analyzed by Western blot and thin
layer chromatography verified LB associated lipid content of fractions. ApoE gene expression changes
in psoriasis (Ps) and atopic dermatitis (AD) were analyzed in microarray datasets published in the
gene expression omnibus (GEO). Herein we found apoE mRNA to be the highest expressed AL in
NHEK. Immunohistochemistry and immunofluorescence showed apoE protein overexpression in
the suprabasal layers of the epidermis in human skin. Moreover in LB isolated by both sequential
filtration and gradient centrifugation, apoE protein was associated with fractions showing high pro-
tein expression of known LB constituents (Caveolin 1, Cathepsin D) and also LB lipids. GEO data
mining identified ApoE mRNA downregulation in lesional skin vs. non-lesional skin in both Ps (2.04
fold, p<0.0001, n=13) and AD (2.34 fold, p<0.0001, n= 11) with similar results seen in four tested
datasets. These data identify apoE as a component of lamellar granules and a new constituent of the
epidermal barrier. The downregulation of apoE expression in lesional skin in Ps and AD directs the
attention to potential local effects of allelic heterogeneity and may help explain the previously pub-
lished association of apoE epsilon4 allele and Ps.
367
Multiple over-expression of kallikrein related peptidases contributes to the inflammatory
hyperkeratotic change with abnormal desquamation in lesions of palmoplantar pustulosis
M Murakami,1,2 T Kaneko,2 M Kishibe,2 M Brattsand,3 V Morhenn,4 A Ishida- Yamamoto,2
H Iizuka,2 Y Shirakata1 and K Sayama1 1 Dermatology, Ehime University Graduate School of
Medicine, Toon, Japan, 2 Dermatology, Asahikawa Medical University, Asahikawa, Japan, 3
Public Health and Clinical Medicine, Dermatology and Venereology, Umea University, Umea,
Sweden and 4 Dermatology, University of California San Diego, San Diego, CA
Pustulosis palmaris et plantaris (PPP) is a chronic, recurrent dermatosis characterized by intraepi-
dermal vesicles filled with neutrophils. Despite the recent progress in understanding the pathome-
chanism of vesicle and pustule formation in PPP, the pathophysiology leading to the inflammatory
hyperkeratotic changes in the lesion remains unclear. To elucidate the pathomechanism of the hyper-
keratotic plaques and scale formation in PPP, we have focused on human kallikrein-related pepti-
dase (hKLK) as one of the proteins playing a role in this disorder because, in normal human epi-
dermis, desquamation is regulated predominantly by hKLK. Punch biopsies were taken from lesional
palmar skin of PPP patients and from normal appearing palmar skin of healthy volunteers. Immuno-
histochemistry and in situ zymography was performed on parts of the tissue. Total mRNA was extracted
from the remaining sample and quantitative realtime PCR was performed. The scale on the PPP skin
also was collected for semi-quantitative dot-blotting, as well as, for western-blotting to determine
the amount of hKLK expressed. The immunostaining showed over-expression of hKLK5, 7 and 14
in the upper epidermis of PPP compared to control skin. Quantiative realtime PCR also showed up-
regulation of hKLK5, 7, 8 and 14 mRNA in the lesional skin. The scales obtained from lesional skin
also contained higher concentrations of hKLK5, 7, and 14. In situ zymography showed bright sig-
nals in the keratinocytes in the upper epidermis of PPP, suggesting hKLKs were activated. In con-
clusion, over-expression of hKLK5, 7, 8 and 14 in the epidermis may contribute to the pathophys-
iology of the hyperkeratotic plaque and scale formation seen in PPP.
368
Development and characterization 3D psoriatic tissue model
S Ayehunie,1 C Hedin,1 T Landry,1 A Cataldo,1 M Spratt,1 R Clark,1 T Kupper2 and M Klausner2 1
MatTek Corporation, Ashland, MA and 2 Harvard Skin Disease Research Center, Brigham and
Women’s Hospital, Boston, MI
Psoriasis is an inflammatory skin disease marked by hyperfliferation and abnormal keratinocyte dif-
ferentiation that affects about 2% of the global population. In this study, we developed a human
cell based in vitro psoriatic tissue model from psoriatic fibroblasts and normal keratinocyes using
an optimized serum free culture medium. When compared to normal skin reconstructs, confocal
microscopic evaluation of stained psoriatic tissue reconstructs revealed: 1) hyperproliferation of
basal epithelial cells (Ki67), 2) increased STAT 3, and elafin expression, 3) reduced levels of filag-
grin, and 4) similar pattern of cytokeratin 10 expression to that of normal skin reconstruct. RT-PCR
analysis of the psoriatic tissue model also showed overexpression of HBD-2, psoriasin, elafin, and
the IL-8 and the GROα receptor, CXCR2. Similar to the in vivo situation, cytokine analysis of cul-
ture supernatants from the psoriatic tissue model showed increased release of IL-6 (7 fold), IL-8 (5.5
fold), and GRO-α (3.8 fold) when compared to normal reconstructed epidermal tissues. Topical
exposure of the psoriatic tissue to IL-4 and calcipotriol hydrate showed a dose dependent decrease
in HBD-2 gene expression and IL-6 release (3.0-4.3 fold). In conclusion, the psoriatic tissue model
mimics its in vivo counterpart in terms of tissue morphology, tissue structure, gene expression (CXCR2,
beta defensin, and psoriasis), and cytokine release (IL-6, IL-8, GRO-a). Availability of well charac-
terized in vitro psoriatic tissue model will be a valuable tool to study the biology of psoriasis, enhance
the understanding of the disease, and accelerate the development of therapeutic candidates.
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Ictyane® body lotion: A new concept for extreme protection and hydration based on the “Tre-
halose-Sorbitol-Glyycerol complex” as a thermo-protector
MF Galliano,1 MJ Haure,1 L Duprat,1 H Hernandez Pigeon,1 M Meloni,2 N Castex Rizzi,1 S Bessou
Touya1 and H Duplan1 1 R&D, Pierre Fabre Laboratories, Toulouse, France and 2 VitroScreen
Srl, Milano, Italy
Extreme climatic changes are known to induce skin stress and dehydration. Effective protection to
skin physiological imbalance and dehydration from stressful environmental conditions, like dehy-
dration, cold or hot temperatures, is a matter of skin homeostasis preservation. The aim of the pres-
ent study was to investigate the ability of a complex composed of trehalose, sorbitol and glycerol
to inhibit cell stress induced by dehydration or temperature. We showed that freezing living cells
in the presence of the trehalose-sorbitol-glycerol complex caused less cell death upon thawing
than without the complex. Also we showed that trehalose inhibited the induction of hsp70 expres-
sion in cells incubated at 45°C for 1h. Finally we demonstrated that trehalose inhibited cell disor-
ganisation after dehydration stress in epidermal keratinocytes. A reconstructed epidermis (RHE)
model, submitted to temperature and hygrometry stress, was treated with Ictyane® Body Lotion with
or without the trehalose-sorbitol-glycerol complex. Expression of genes encoding specific markers
of epidermal hydration and integrity was investigated. Aquaporin3 was significantly upregulated in
stressed RHE independently from the presence of the complex. Occludin expression was strongly
upregulated in the presence of the complex only. LDH release from stressed RHE was specifically
reduced in the presence of the complex, indicating strong protective effect. Finally induction of pro-
tease activity in skin explants challenged by dehydration and topically treated with Ictyane® Body
Lotion was prevented more efficiently in the presence of the complex. Together these findings demon-
strated that the trehalose-sorbitol-glycerol complex included in Ictyane® Body Lotion could be con-
sidered as a thermo-protector complex for extreme climatic changes, as dehydration, cold and hot
temperatures.
371
Ceramide stimulate SULT2B1b gene expression via a NF-kappaB pathway in human ker-
atinocytes
YJ Jiang,1 P Kim,2 PM Elias,3 D Bikle,1 C Grunfeld2 and KR Feingold2 1 Endocrine Unit, Northern
California Institute for Research and Education, San Francisco, CA, 2 Metabolism Section,
NCIRE, UCSF/VAMC, San Francisco, CA and 3 Dermatology Service, NCIRE, UCSF/VAMC,
San Francisco, CA
Cholesterol sulfotransferase, isoform 2B1b (SULT2B1b), is a key enzyme in the synthesis of choles-
terol sulfate, a critical regulator of keratinocyte differentiation, desquamation, and a mediator of
barrier homeostasis. However, how SULT2B1b expression is regulated remains unknown. Here we
demonstrate that exogenous ceramides (C2-Cer or C6-Cer) but not other sphingolipids (C8-gluco-
sylceramides, sphinganine, sphingosine-1-phosphate, or ceramide-1-phosphate), increases SULT2B1b
mRNA levels in cultured human keratinocytes in a dose- and time-dependent manner. Inhibitors of
glucosylceramide synthase and ceramidase increase endogenous ceramide levels and SULT2B1b
mRNA levels, whereas blocking de novo synthesis of ceramides, which decrease endogenous
ceramide levels, decreases SULT2B1b mRNA levels. Furthermore, ceramides do not alter SULT2B1b
mRNA stability and but rather trans-activates SULT2B1b gene transcription. Ceramide-induced
increase in SULT2B1b mRNA levels is first seen at 9 hours and requires new protein synthesis, sug-
gesting an indirect effect. Finally, ceramides-induced increase in SULT2B1b expression is blocked
by NF-kappaB inhibitors, indicating a role for the NF-kappaB signaling pathway. These studies show
that ceramide, an important lipid constituent of the stratum corneum, stimulates SULT2B1b expres-
sion via NF-kappaB providing a mechanism by which lipids may regulate keratinocyte differentia-
tion and epidermal formation.
373
BAF53A enforces the epidermal progenitor state by re-targeting the SWI/SNF/BAF chromatin
remodeling complex away from differentiation gene promoters
X Bao, J Tang, S Tao, K Qu, GR Crabtree and PA Khavari Stanford University, Stanford, CA
Epidermal progenitors suppress expression of terminal differentiation genes. Recently, epigenetic
mediators of DNA and histone modification have been identified as dynamically regulating such
repression, including DNMT1, JMJD3, Polycomb, and HDAC1/2. These data indicate a role for mul-
tiple classes of epigenetic regulators in this process, however, the impact of epigenetic chromatin
remodelers, such as the ATPase driven multi-subunit BAF (SWI/SNF) complex, is not fully charac-
terized. To address this, we performed loss of function studies of multiple complex subunits in epi-
dermal tissue. Conditional BAF53A (ACTL6A) gene deletion in mice was found to abolish epider-
mal progenitor maintenance and to induce differentiation, leading to a failure of epidermal
self-renewal. Similar findings in organotypic human epidermis were observed with BAF53A deple-
tion via RNAi, where ectopically expressed BAF53A also suppressed differentiation, indicating that
BAF53A enforces the undifferentiated cell state. Depletion of key components of multiple histone
acetyltransferase and chromatin remodeling complexes with which BAF53A can physically associ-
ate identified a phenocopy only with the BAF250A (ARID1A) BAF complex subunit. Paradoxically
but consistent with prior knockout mouse studies, depletion BRG1/BRM ATPase subunits impaired
differentiation gene induction, suggesting that BAF53A functions as an anti-differentiation compo-
nent of the BAF complex. Consistent with this, BAF53A is down-regulated during normal differen-
tiation. Mechanistically, chromatin immunoprecipitation (ChIP) experiments demonstrated that
BAF53A impairs binding of the BRG1/BRM-containing BAF complex to differentiation gene pro-
moters, including key regulators such as of KLF4, blocking their induction. These data indicated
that BAF53A maintains the undifferentiated progenitor state by opposing BAF complex-enabled
differentiation via genomic re-targeting of this chromatin remodeling complex away from differen-
tiation gene promoters.
372
A novel therapeutic strategy for correcting the desquamation defects in Harlequin Ichthyosis
L Zhang and DR Roop Department of Dermatology, Charles C. Gates Center for Regenerative
Medicine and Stem Cell Biology, University of Colorado Denver, Aurora, CO
Harlequin Ichthyosis (HI) is a severe and often lethal congenital skin disease caused by mutations
in the gene encoding ABCA12, a member of the ABC transporter family. Previously, ABCA12 was
thought to primarily regulate the transfer of lipids to the stratum corneum. We have established a
novel ABCA12 mutant mouse model that recapitulates many of the pathological features of HI includ-
ing: loss of barrier function, defects in lipid deposition in the stratum corneum, hyperkeratosis, and
parakeratosis. Furthermore, we have demonstrated the retention of corneodesmosomes in the stra-
tum corneum of the HI mouse model and also the absence of the major desquamation enzymes,
kallikrein (KLK) 5 and -7. Taken together, these findings suggest that ABCA12 not only plays an essen-
tial role in transferring lipids, which are required for formation of multilamellar structures in the stra-
tum corneum, but perhaps more importantly in transferring KLK 5 and -7, which are essential to
allow normal desquamation. Although HI mice die shortly after birth, we have grafted HI mouse
skin onto nude mice and used this model to demonstrate that topical application of recombinant
KLK 5 and 7 can efficiently alleviate the severe hyperkeratosis that develops in transplanted HI mouse
skin grafts. Our preclinical data suggest that the topical application of desquamation enzymes may
represent a novel therapeutic strategy for the treatment of HI and potentially other hyperkeratotic
disorders.
370
STIM1 and Orai1-mediated store-operated Ca2+ entry is critical for Ca2+-switch-induced ker-
atinocyte differentiation
T Tomita and JW Putney Laboratory of signal transduction, NIH/NIEHS, Research triangle park,
NC
The barrier function of skin is due to the thin layer on the uppermost surface of the skin called the
epidermis. The epidermis has a multilayered structure in which each layer consists of keratinocytes
(KCs) of different differentiation status. The integrity of KC differentiation is critical for the function
of skin and its abrogation causes or is accompanied by some skin diseases. It has been known that
intracellular and extracellular Ca2+ play important roles in KC differentiation. However, the molec-
ular mechanism underlying the Ca2+-dependent regulation of KC differentiation is still largely
unknown. Store-operated Ca2+ entry (SOCE) is a major Ca2+ influx pathway in most non-excitable
cells and a defect in SOCE has been reported in skin diseases such as psoriasis. SOCE is evoked in
response to the reduction of an intracellular Ca2+ pool in the endoplasmic reticulum (ER). Two pro-
teins have been identified as essential components of SOCE; STIM1, a Ca2+ sensor in the ER, and
Orai1, a subunit of Ca2+ channels in the plasma membrane. In this study, we analyzed the contri-
bution of SOCE to KC differentiation using RNAi knockdown of STIM1 and Orai1 in the human
keratinocyte cell line, HaCaT. KC differentiation was induced by a switch in extracellular Ca2+ con-
centration from low (0.03 mM; undifferentiated KCs) to high (1.8 mM; differentiated KCs). This Ca2+
switch triggers phospholipase C-mediated intracellular Ca2+ signals (Ca2+-switch-induced Ca2+
response), which would likely involve the activation of SOCE. Knockdown of either STIM1 or
Orai1 strongly suppressed SOCE and almost completely abolished the Ca2+-switch-induced Ca2+
responses. This defect in Ca2+ responses resulted in impaired expression of keratin1, an early KC
differentiation marker. These results demonstrate that SOCE plays a critical role in KC differentia-
tion by regulating Ca2+-switch-induced Ca2+ responses.
374
Free D-glutamic acid in the skin as a candidate for a repairing factor of cutaneous barrier
homeostasis
Y Tojo,1,2 C Okamura,1 S Fuziwara,1 Y Hioki,1 Y Ashida,1 K Hamase2 and J Kishimoto1 1 Shiseido
Co., Ltd., Yokohama, Japan and 2 Graduate School of Pharmaceutical Sciences, Kyushu
University, Fukuoka, Japan
D-Amino acids are the enantiomers of L-amino acids, and recent studies gradually revealed their
presence and functions in the specific organ of mammals. These include free intrinsic D-serine in
the forebrain, which affects schizophrenia symptoms through modulation of neurotransmission. In
spite of these findings, almost all D-amino acids are still thought to have little function in mam-
mals. Concerning human skin, we have found the existence of intrinsic D-glutamic acid (D-Glu) in
stratum corneum (SC) using a newly developed two-dimensional high-performance liquid chro-
matography (2D-HPLC) system. Because L-Glu has reported to associate with delay of the cutaneous
barrier recovery by binding glutamate-type ion channels of a keratinocyte, an effect of D-Glu on
the skin barrier are expected to be clarified. Firstly, we investigated effects of D-Glu on the intra-
cellular calcium (Ca2+) concentration in cultured human epidermal keratinocytes. We found that
preincubation with 0.1 mM D-Glu suppressed the alteration of intercellular Ca2+ level after adding
50 mM N-methyl-D-aspartate (NMDA). This result implies that D-Glu functions as an antagonist
against an NMDA-type glutamate receptor, showing that D-Glu could be a useful candidate for a
repairing factor of skin barrier. As expected from above observations, topical application of D-Glu
to the human forearm after barrier disruption accelerated the barrier recovery rate in comparison
with control group (p<0.01). Next, human SC from various aged group was obtained by the tape
stripping, and D- and L-amino acids were determined using 2D-HPLC after fluorescence derivati-
zation. The D-Glu amount in SC of 2-4 year-old children group was 3 times higher than that of 20s
group (p<0.02), and the age-dependent decrease was observed moderately up to 40s. The effect on
the barrier recovery of D-Glu together with age-dependent decrease of the amount of D-Glu sug-
gest that supplement of D-Glu may be beneficial to maintain the cutaneous barrier homeostasis.
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Glucocorticoids induce epidermal atrophy via activation of REDD1 and inhibition of m-TOR
activity
G Baida, P Bhalla and I Budunova Dermatology, Northwestern University, Chicago, IL
One of the major well known adverse effects of glucocorticoid therapy is cutaneous atrophy. The
molecular mechanisms underlying this phenomenon are poorly understood. To elucidate the mech-
anisms of epidermal hypoplasia, we used chronic topical treatment of mouse skin with fluocinolone
acetonide (FA), which results in marked epidermal thinning, a ~ 50% depletion of the interfollicu-
lar keratinocyte population and decreased keratinocyte size (Chebotaev et al., 2007). Gene and
miRNA screening revealed that a single exposure or chronic treatment with FA, induced a 4-6- fold
increase in the expression of REDD1 (regulated in development and DNA damage response) in
mouse epidermis. REDD1 is a stress-inducible inhibitor of mTOR complex 1, critical for protein
synthesis regulation. Accordingly, we also noted a strong decrease in phospho-mTORS2448 expres-
sion in mouse epidermis after exposure to FA. There are several potential molecular mechanisms
for the glucocorticoid control of REDD1 expression and function in epidermis. The kinetics of REDD1
activation in skin suggests that it is a primary target gene for the glucocorticoid receptor (GR), and
we identified several GR binding sites in the REDD1 promoter. We observed that FA strongly induced
expression of TXNIP (thioredoxin-interacting protein) that binds to and stabilizes REDD1 protein.
We also observed down regulation of conservative miRNA-221 that regulates REDD1 expression.
Interestingly, the selective GR activator, Compound A that prevents GR dimerization and activation
of genes involved in glucocorticoid metabolic side effects (e.g., glucose control and bone metabo-
lism), did not induce REDD1 expression in the epidermis, and did not induce skin atrophy. Col-
lectively, our findings reveal a novel mechanism of glucocorticoid-induced skin atrophy and link
glucocorticoids to the control of protein synthesis in keratinocytes via mTOR regulation. In addi-
tion, our findings are relevant to the development of selective GR activators that have safer thera-
peutic profiles than classical steroids.
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The retinoid-related orphan receptor RORalpha functions as a determinant of keratinocyte
differentiation
J Dai, Y Brooks and GP Dotto Cutaneous Biology Research Center, Massachusetts General
Hospital, Charlestown, MA
In the epidermis, the normal balance between keratinocyte self renewal and differentiation is
essential for long-term tissue homeostasis and prevention of carcinogenesis. This balance relies on
a closely integrated network of gene expression. Using combined biochemical and morphological
approaches, we report here that the retinoid-related orphan receptor RORα is an important tran-
scription factor in promoting differentiation of human keratinocytes (HKCs). A significant induction
in RORα gene expression is observed upon keratinocyte differentiation. While increased expres-
sion of RORα in HKCs is sufficient to induce differentiation, its knockdown shows the opposite
effect. Moreover, RORα expression is significantly lower in clinical skin squamous cell carcinomas
(SCCs) than in normal epidermis. Mechanistic studies show that RORα functions upstream of FOXN1,
a critical pro-differentiation factor in keratinocytes. In addition, microarray analysis reveals a group
of RORα target genes that are involved in epidermal lipid barrier formation. Our results have pointed
the nuclear receptor RORα as a novel node in the keratinocyte pro-differentiation network. There-
fore, the identification of RORα ligands is of great potential impact for treating skin disorders that
are associated with deranged keratinocyte growth/differentiation control, specifically skin cancer.
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Factors predictive of recurrence and death from invasive squamous cell carcinoma
C Schmults,1 P Karia,1 G Murphy,2 J Carter,1 J Han1 and A Qureshi1 1 Dermatology, Brigham and
Women’s Hospital, Harvard Medical School, Boston, MA and 2 Pathology, Brigham and
Women’s Hospital, Harvard Medical School, Boston, MA
Squamous cell carcinoma (SCC) is the second most common form of skin cancer. There is a paucity
of data on SCC recurrence and death in the US. Several factors have been associated with poor out-
comes. However, studies to date have been underpowered to assess the interplay of these factors
via multivariate analysis. We examined local recurrence, nodal metastases, distant metastases, and
death due to SCC in a retrospective cohort of invasive (non in-situ) cutaneous SCC cases at a sin-
gle academic medical center over a 10-year period. Records of 1,874 primary tumors in 1,036
individuals were reviewed for outcomes of interest. Non-SCC related outcomes and deaths were
excluded. Local recurrence occurred in 55 (5.3%) of individuals while 44 (4.3%) persons had
nodal metastases and 5 (0.5%) had distant metastases. There were 26 (2.5%) deaths from SCC. The
total number of individuals having one of the above SCC-related events was 75 (7.2%). Multivari-
ate logistic regression analyses were used to determine factors significantly associated with SCC-
related events via forward selection. Independent predictors of any SCC-related event included
perineural invasion (RR 4.08, 95% CI 2.37-7.02), poor tumor differentiation (RR 5.78, 95% CI
2.92-11.45), tumor diameter ≥2cm (RR 4.11, 95% CI 2.60-6.49), depth of invasion beyond the der-
mis (RR 2.65, 95% CI 1.37-5.13), and lymphatic or vascular invasion (RR 2.57, 95% CI 1.18-5.57).
Factors independently predicting death due to SCC were the same. These data indicate that inva-
sive cutaneous SCC is associated with a significant event rate. Clinicians may consider the four risk
factors above as potential indicators of poor prognosis when managing their patients.
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Superior barrier function of a novel elastic, skin compatible film resulting from activation of
a flowable, polymer emulsion system
S Kang,1 FH Sakamoto,2 M Su,1 J Lomakin,1 A Akthakul,1 R Anderson2 and B Yu1 1 Skin and New
Material Discovery, Living proof, Inc., Cambridge, MA and 2 Department of Dermatology,
Wellman Center for Photomedicine, Massachusetts General Hospital, Boston, MA
Skin barrier function is critical to skin hydration, disease prevention, and appearance. Compromised
skin barrier function has been characterized by increased transepidermal water loss (TEWL), decreased
skin hydration, and loss of elasticity. Here, we have developed a safe, flowable, polymer emulsion
system that can be activated to form an invisible, breathable, elastic, cosmetically elegant occlu-
sive film that can be comfortably worn to provide remarkable skin hydration and aesthetic bene-
fits. Also, the film durability does not require repeated applications to sustain such benefits. Skin
conductance, TEWL, and recoil time were measured in volar forearms of human subjects (N=5).
Three test sites were randomly assigned in each arm to include an untreated control, petrolatum,
and our polymer film. The film treatment sites demonstrated a two-fold increase in the skin con-
ductance when compared with petrolatum after removal of each substance (p<0.05). TEWL values
were significantly lower for petrolatum and our polymer film compared to the control site prior to
removal (p<0.05). However, differences were not detected between our polymer film and petrola-
tum. Skin retraction times were significantly reduced by 30% when the film was applied (P<0.05),
hence, providing greatly improved skin recoil properties. The preliminary results generated by our
novel polymer system highlight the potential utility and greater benefit of the activated film com-
pared to petrolatum treatment for skin with compromised barrier function. The superior hydration
benefits, coupled with the ease of application, film durability and cosmetic aesthetics, makes this
polymer emulsion system a compelling alternative for management of skin in dermatological dis-
orders such as dry skin, atopic dermatitis, eczema, psoriasis, and ichthyosis.
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Uniaxial stretch orients cell division in the epidermis 
H Foote and T Lechler Cell Biology, Duke University Medical Center, Durham, NC
Asymmetric cell division is required for the correct formation and maintenance of the mammalian
epidermis. Basal layer cells can divide asymmetrically, creating the upper differentiated layers of
the epidermis, and symmetrically, creating two daughter cells that remain in the proliferative basal
layer. An apical polarity complex consisting of Par3, mInsc, and LGN orients the mitotic spindle
towards asymmetric division. We are investigating the role of a mechanical uniaxial stretch in ori-
entating the spindle and the polarity markers in both in vitro and in vivo systems. To this end, we
have developed a method for stretching and visualizing protein localization and dynamics in cell
culture and in tissues. A static uniaxial stretch orients the spindle parallel to the direction of defor-
mation. This improved characterization of the effects of external force provides a better understanding
of the regulation of the critical process of asymmetric cell division.
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